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Monday, 5th April 1886. 
ROBERT GRAY, Esq., Vice-President, in the Chair. 
The following Communications were read :— 


Obituary Notices of— 
Morrison Watson, M.D., F.R.C.P. By Professor 


A. Youne. 
Rev. F. Reprorp, M.A. By H. Barnes, M.D. 


2. The names of the following were proposed for election 
as Honorary Fellows in terms of the Laws :— 


The Right Hon. Lord Rayueten, M.A., Sec. F.R.S. 
M. Mitye-Epwarps, Paris. 

M. L’ ABBE RENARD, Brussels, 

Professor H. A. Newton, Yale College, U.S. 

Professor H. A. THatkn, Upsala. 


3. On some Variations in the Structure of Wool and other 
Allied Fibres) By F. H. Bowman, D.Sc, F.RASE, 
F.LS., F.C.8., &. (Plate XXIV.) 


The structure of all animal hairs is very complicated, and pre- 
sents many difficulties, both to the scientific observer and to those 
who require to manipulate these fibres in the various processes of 
textile and other manufactures. 
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As appendages of the skin they are liable, like all the epidermal 
growths, to great variation in structure, which is seen in its extreme 
form in the feathers of birds, and in the horns, hoofs, nails, and 
claws of the higher mammals. | | 

Apart however from these great variations, there are a number of 
smaller modifications, which, while they do not present the same 
structural interest, are of considerable value, as indicating differences 
in the breed of varieties of the same species, and are often of great 
industrial importance. : 

Many of these smaller variations having come pro minently under 
my notice, especially in the case of wool, in a series of researches 
extending over many years, in regard to the industrial classitication 
and use of these fibres, I thought it might be of interest to the 
Fellows of the Royal Society, if I communicated a short record of 
the more important variations which I have noticed. | 

Notwithstanding the many researches which have been made in 
this country, and especially in Germany, on the structure of animal 
_ fibres, they have hitherto been mainly directed to the variation 
existing between fibres and hairs in general rather than in particular ; 
that is to say, to the variation in structure occurring between the 

hairs and wools of different species of animals, rather than those 
- differences which are found to obtain between hairs on animals of 
- the same species and on the same individual, __ 

It is to these specific differences in the individual hairs and wool 
fibres of sheep and other allied animals that I wish to call your 
attention. 

The observations have for the most part been made on the fibres of 
wool which have a commercial value, and were undertaken originally 
for technical purposes, but they have also a special scientific signifi- 
cance, as indicating the constant tendency in nature to a reversion _ 
to a more primitive type, and in exhibiting that wide variation which 
is produced by environment and artificial selection in breeding. 
The difference in structure existing between wool and hair is one 
which is exceedingly difficult to define scientifically, and although 
in industrial practice amongst experts ‘the distinction is well known, 

it depends upon such slight modifications that it is very difficult to 
determine where the characteristics of true hair cease, and those of 
wool commence, and vice versa. 
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The difference between wool and hair is rather one of degree than 
of kind, and all the wool-bearing animals have the tendency when 
their cultivation is neglected to produce hair rather than wool, in 
the same way that cultivated cotton when neglected. reverts to the 
original type of wild cotton, and the fibres lose their spiral character, 
which is of such value in the process of spinning. This tendency 
also always manifests itself whenever the conditions of soil and 
climate are unfavourable to the fullest development’ of the animal, 
and many sheep and other allied animals therefore produce both 
wool and hair ; the fine hair in many animals being very like wool, 
and the coarse wool in others closely resembling hair. 

The true difference does not consist, as is generally supposed, in the 
fact, that wool possesses a waved or curled structure in the fibre which 
is absent in the case of many hairs, but in the method of attachment 
of the epidermal scales which form the external covering of the fibre. 

The curled locks of the negro consist of true hair and not wool, 
and there are many cases in the lower animals where the structure of © 
the fibre is that of a true wool, while the straightness and want of 
curl usually associated with the hair is still retained. 

The general structural peculiarities which distinguish them from — 

_ other epidermal growths, are however the same both in wool and 

hair, and the method of generation is the same in both cases, so that 

= a description of the one will also serve for the other, with such 
variation as will be pointed out later on. 

Hairs are true appendages of the skin, being outgrowths of the 
epidermis. When attached to the animal each hair is implanted in 
a cutaneous depression, which is an involution of the skin, forming 
the hair follicle. In structure the walls of this follicle consist of 
layers, derived from the epidermis and from the cutis vera. The 
hair is fixed into this follicle and attached to the bottom by a dila- 
tion called the knob or bulb of the hair which encloses the papilla, 
or pulp, and is in living connection with the fibrous sheath of the 
follicle. The papilla x pulp belongs to the follicle rather than the 
_ hair, and corresponds to a papilla of the skin. It is rounded or 
oval in shape, consisting of distinctly fibrous areolar tissue, with 
nuclei and fat granules, but without any cellular structure, and is 
attached to the fibrous coat of the base of the follicle by a cylindrical 
portion or stalk. 7 
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That part of the hair which is contained within the follicle, and 
thus imbedded in the skin, forms the root of the hair, The hair 
decreases in diameter towards the mouth of the follicle. The free 
portion of the hair, or that which projects beyond the mouth of the 
follicle and outside the skin, is termed the shaft or stem, and forms 
the true hair. The shaft is usually round or oval, in section 

becoming smaller in diameter towards the unattached extremity, 
where it terminates when uncut in a point of more or less 
fineness. 

- Occasionally there are two or more points. The hairs vary very 
much both in length and diameter in different parts of the body 
both of man and the lower animals, The whole surface of the hair — 
is covered over with a cuticle or coating of fine imbricated scales, — 
the free marging, of which are always towards the point of the hair, 
_ and these upwardly projecting edges give rise to a series of waved 
or serrated transverse lines, which can be distinctly seen under the 
microscope, especially after reagents have been used. The form of 
these scales is very diverse, and the distinctions very marked | 
between different classes of animals and even between those. of the 
same class. Within this scaly covering is a fibrous substance 
termed the cortical portion of the hair, and which in many hairs 
forms nearly the whole of the stem, but which in others is replaced, 
so far as the central portion of the hair is concerned, by a substance 
of a more distinctly cellular structure which forms a medulla or pith. 
Upon the cortical portion of the hair, its firmness, strength, and 
elasticity depends. In coloured hairs the cortex presents numerous 
_ longitudinal striz or interrupted dark lines and dots, but in colourless 
hairs these are not easily detected, and are only visible as areas of 
unequal transparency. This portion of the hair when broken up — 
by the use of suitable reagents, reveals elongated spindle-shaped 
cells with uneven surfaces, and a flattened and irregular angular 
section, often curved from their mutual pressure resulting from 
aggregation within the shaft of the hair. These ultimate cells vary 
in every dimension very much in every kind of hair, and often 
present distinct nuclei and irregular cavities which are filled with 
air. The medulla or pith when it exists in any hair, is also formed 
of clusters of cells; but in place of being spindle-shaped like those 
in the cortex, they are usually more rounded in form, although 
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frequently angular in shape, and relatively of a larger size than the 
cells forming the cortical substance. The medulla always occupies 
the centre of the shaft, but the diameter of this portion relative to 
that of the hair varies very much in different hairs, The medulla 
seldom exists continuously throughout the whole length of the 
hair, being unusually absent at the point and interrupted at parts for 
a greater or less extent. In the latter case, the axis of the stem at 
the interruptions may be fibrous, like the surrounding cortical part, 
or these intervals may be occupied by a granular or a clear colour- 
less matter. In some cases the medulla presents the appearance of 
a canal running along the axis, and filled with a more or less trans- 


parent homogeneous substance or a coloured or white opaque granular 


matter. In both cases there are frequently considerable air cavities. 

Variations in the structure of the hair may occur in any of the 
_ parts of which it is composed, and those who know how very wide 
this variation is in the different hairs found in the animal kingdom, 
will not be surprised at its extensive occurrence within the narrower 
limits of any of the species, 

The hair or wool of the sheep (Ovis aries) has a, distinct indivi- 
duality of its own, when in its highest state of development, but the 
the tendency to run into varieties, which is so marked ir this class 
of animals, is also true of the fibrous covering. Purity of breed and 
cultivation tend to check variation in every direction, and the 
greatest uniformity in the likeness of individual fibres is always 
found in the most cultivated sheep, such as the merinos (Ovs 
Hispaniam), where the departure from the structure of true hair, as 
distinguished from true wool, is most marked. A classification of 
wool may indeed be based upon the variation from the structure of 
hair, which will embrace all the varieties of wool which are found 
either in wild or domestic sheep. To understand this classifica- 
tion, we must notice the difference in structure between the widest 
extremes of hair and wool. 

In hair the scales of its cuticle are firmly attached to the cortical 
substance throughout the greater part of their length, and only — 
reveal themselves when examined under the microscope as fine 
irregular transverse and anastomosing lines on the surface and by a 
slight denticulation at the edge of the hair when viewed by trans- 
mitted light, A typical illustration of this surface structure may be 
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seen in Plate XXIV. fig. 1, which represents the appearance of a 
~ coarse hair taken from the fleece of a Cheviot sheep. 

Along with this external structure there is, in true hair, usually — 
associated an internal arrangement of the cells composing the cortical 
substance in which there is a tolerably distinct medullary axis with 
large and well-formed nucleated cells. Such a structure is repre- 

sented in Plate XXIV. fig. 2, which is a longitudinal s section of the 
same hair given in fig, 1. 

Sometimes, however, the medullary axis has a different structure 
even where the external likeness is very similar. This structure is 
is seen in Plate XXIV. fig. 3, and was drawn from a section of a 

coarse hair taken from the fleece of a Pacpathian sheep. In 
- this fibre the cells are much smaller and more numerous, and in 
some parts having a distinct granular pigmented appearance and 
non-nucleated. | 

In most cases the cells composing the sila dldidnas of hair 
are distinctly nucleated, but. they vary very much in this. respect. 
The shaft of the hair is usually firm and straight, and the epidermal 
scales are horny and dense. 

In wool the epidermal scales are » attached to the cortical substance 
much less firmly than in the case of hair, and their free margin is 

more prominent, so that the edges of the scales are much more dis- 
- tinctly seen and the denticulation at the edge of the fibre is more 
marked. The contour of the-free margin of the scales is also 
generally less rounded than in those of the hair, and in the finest — 
classes of wool is frequently serrated in a more or less irregular 
manner. The scales are also less horny and dense than those of 
hair, and possess a transparent or translucent appearance like wax. 
or gelatine. A typical illustration of a wool fibre is given in Plate 
XXIV. fig. 4, which represents a fibre taken from a fine merino sheep. 
In this fibre the looseness of the attachment of the scales and the 
_ well-marked serration of their free margins are distinctly seen. 
The looseness of the attachment of the epidermal scales are 

in some classes of wool even more marked than in the merino 
fibre. Plate XXIV. fig. 5 represents a fibre taken from the Chinese 
sheep (Morvant de la Chine). In this fibre the scales are large and 
well defined, with a horny structure more approaching to that of 
true hair, but with such a small attachment to the stem of the fibre 
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that they assume a form resembling a series of cups or crowns 


inserted one within the other. Each scale is continuous round the 


_whole circumference of the fibre. 
The internal structure of the wool fibre is usually much less easil; 


distinguished than in the case of hair, because the cells forming the 


cortical substance are much smaller and more transparent.. They 
seldom exhibit any traces of neuclei, and it is only in special fibres 
that any medullary axis is visible, and in most cases where this is 
revealed there are external indications of reversion to the character 
of hair. Plate XXIV. fig. 6 represents the longitudinal section of a 


coarse fibre of Lincoln wool, which may be compared with the 


- similar section of Cheviot hair given in fig. 2, when the distinction 
will be easily seen. In the Lincoln wool the medullary cells are 
larger, but less distinctly marked, and they exhibit hardly any trace 
of neuclei. 

In examining the variations from this typical structure of wool, 


we cannot do better than commence with the surface configuration 


of this fibre of Lincoln wool, the section of which is given in Plate 
XXIV. fig. 6, and the external appearance in fig. 7. The scales are 
— large and distinct, with well-defined and denticulated margins, and 
standing out from the general surface of the fibre, so as to present a 
strongly serrated edge when seen against a dark background. - 

This fibre was taken from the coarsest part of the fleece, on the 
flanks of the sheep, and treated with caustic alkali after washing 
with a mixture of alcohol and water. Even when a fibre was drawn 
from the shoulder of this sheep, where the best wool is always found, 
the same characteristics were exhibited, although in a less marked 
degree, but there was no trace of any medulla. This fibre from the 
shoulder is figured in Plate XXIV. fig. 8, so that the relative fineness 
in diameter of the two fibres can readily be determined. 

These fibres may be taken as representatives of those which are 
found on all the long-woolled breeds of English sheep, such as 
those of Leicester, Yorkshire, and Nottingham. They are all dis- 
- tinguished for the brightness and high lustre of the cuticular scales, 
which are always large and distinct. 

Closely allied to these bright-haired wools are the fibres derived 
from the alpaca goat (Auchenia Paco) and the Angora goat (Capra 
Angora), which is known commercially as mohair. The fibre 
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from the alpaca goat is very closely allied to true hair, and exhibits 
many of its characteristics. It is most like hair in its external 
structure, while it resembles wool in the arrangement of its cortical 
cells, Mohair, although usually called hair, is far more like wool 
than alpaca, but it never possesses the same curl and suppleness 
in the fibre which is exhibited by true wool. 

When the fibres of alpaca are examined under the microscope 
their close relationship to true hair is easily seen, and this relation- 
ship extends to the internal as well as the external structure. 


- Many of the fibres show a distinct medullary axis with large 


nucleated cells, which frequently contain large quantities of pig- 
ment. In some cases, where this is not distinctly manifested, 
there is an enlargement of the cells in the central axis, although 


they do not differ in any other respect from the remainder of the 


cortical part. Plate XXIV. fig. 9 is taken from a coarse fibre of 
Chala alpaca. The epidermal scales are well marked with rounded 


edges, and, like all alpaca fibres, possess a very high lustre. Some 


of the fibres, when perfectly clean and seen by reflected light, have 
the appearance of burnished silver. Plate XXIV. fig. 10 gives the 


same fibre when viewed with transmitted light, in which the large 
medullary cells are distinctly seen, while the cortical part has a fine 


granular appearance, without any cellular structure being visible. 
The fibres from the Angora goat have a close resemblance to 
those of alpaca, but there is always in them a greater looseness of 
the cuticular scales; and while they retain the high surface lustre, 
there is a greater tendency to the dispersion of light when seen 
with reflected light. The scales are also more transparent, and of a 
less horny nature. The distinguishing feature, however, is that 
the free margins of the scales are not so smooth and rounded at the 


— edges, but show signs of the same denticulation which is so promi- 


nent a feature in true wool; so much so that many of the fibres in 
the better qualities of mohair can only with difficulty be distin- 
guished from the bright-haired English wools, such as Lincoln or 


Leicester, except that the scales are rather smaller and more regular, — 


and that there is less tendency to curl. Plate XXIV. fig. 11 is taken 


from a fibre of mohair, and may be compared with the alpaca 


fibre given in fig. 9, and the finer fibre of Lincoln wool given in fig. 
8, when the distinction already noticed will be easily seen. 
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Closely allied to alpaca and mohair in their structure are the 


wools which are derived from all the semi-wild sheep of the - 


mountainous regions of Central Asia and the plains of Tartary and 
Siberia, but the fleeces of these sheep are generally more defaced by 


the prevalence of long coarse hairs than is the case with alpaca or 
mohair. In some of these wools, such as grey Vicaneer, dark 
Bagdad, and yellow Pacpathian, we have several distinct classes of 


fibres side by side in the same fleece. The fleeces of these sheep 
indeed exhibit a greater variation in the structure of individual 
fibres than any others which have come under observation. These 
fibres may in the same fleece, and often in the same lock of wool, 
be roughly divided into three different classes— 


(a) Those which have all the characteristics of true hair in 
their most marked degree. | | 

(b) Those which resemble alpaca and mohair fibres. 

(c) Those which are true wool : 


In the first of these divisions (a) there are several distinct 
variations in the form of the hair structure. We have already seen 
in Plate XXIV. fig. 3, the internal structure of one of these fibres 
taken from a Pacpathian sheep, and its resemblance to a hair. 
The external appearance of many of these fibres is remarkable for 
the very great regularity in the arrangement of the ex‘ernal scales, 


and by their pointed extremities, which gives them almost the 


appearance of the stem of a palm tree. Plate XXIV. fig. 12 gives 
an illustration of one of these fibres, which was taken from a lock of 


Bagdad wool. Occasionally this great regularity in the epidermal 


scales is found in the hairs of more cultivated sheep, as may be 
noticed in Plate XXIV. fig. 13, which is sketched from the surface 


of a coarse hair taken from the fleece of a Cheviot sheep. Some- . | 


times the construction of the cuticular layer of these coarse hairs 
tends to the production of larger scales than those which are 
usually found on other associated fibres. These scales present an 


appearance as though the larger scales had been formed within the 


follicle by the coalescence of several smaller scales into one, and it 
is specially noticed that in cases where this occurs there is a 
tendency in the free edge or margin of the large scale to follow the 
same contour as the smaller ones. Sometimes there are slight 
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surface markings or depressions on the larger scales, which seem to 
indicate the margins of the smaller ones out of which they were 
formed. The union is, however, so complete that it is impossible, 
except in a very few instances, to separate the larger into the 
smaller scales, even by the use of reagents. Plate XXIV. fig. 14 is 
sketched from a coarse hair of Pacpathian wool, in which the 
surface markings of many of the large scales show the configuration 
of the smaller scales out of which they were formed. 


Occasionally the whole epidermal tissue of these coarse hairs 


assumes an entirely different appearance, in which the usual scaly 
‘structure is replaced by a series of interrupted lo ngitudinal channels, 
which give the fibre the appearance of a vegetable rather than an 


animal structure. One of these fibres, taken from a lock of Jora - 
wool, is given in Plate XXIV. fig. 15, in which the cuticular envelope — 


resembles a fluted column, and where any transverse lines are present 
to mark the free margins of the scales, they not inaptly supply the 
semblance of joints in the masonry. In all cases where this peculiar 
structure is visible in the cuticular layer, there is associated along 
with it an equally distinctive cortical and medullary formation. 
The cortex exhibits a coarse texture of spindle-shaped cells with 
longitudinal striae, while the medulla is composed of large and 
distinct rounded cells with well-marked nuclei. The whole arrange- 
ment is indicative of a loose formation, with considerable air spaces 
existing both in the medulla and cortex. Plate XXIV. fig. 16 repre- 
sents the internal structure of the fibre, whose external surface is 
given in fig. 15. Probably this extreme variation from the normal 
type may have arisen from the shrinking up of the loosely-packed 
cells in the cortical part, which by their attachment to the epidermal 
‘layer, which seems to be thinner than is usual in hairs of this 
diameter, have drawn them inwards, and thus formed corrugations 
at the intervals between successive bundles of the elongated cells. 
_ The second class of fibres (b) have a very close resemblance to 
those of alpaca and mohair, but they are usually softer and more 
pliant, with less lustre and a greater tendency to variation in the 
formation of individual scales in the cuticular layer. One of these 
fibres, taken from alock of Pacpathian wool, is given in Plate XXIV. 
fig. 17, and cannot be distinguished from a fibre of alpaca, such as that 
given in Plate XXIV. fig. 9, except by its association with other fibres 
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which never occur in the fleece of the alpaca goat. Other fibres, 


- however, approach very closely to the appearance of true wool, but 


with a greater variation in the regularity of the individual scales 
than is usual.in the more cultivated sheep. Plate XXIV. fig. 18 is 
an illustration of one of these fibres, taken also from a Pacpathian 
fleece, which may be compared with the merino fibre given in Plate 
XXIV. fig. 4. Amongst these fibres we also notice the first indication 


_of a surface formation, which is a very common variation from the 


typical form in the more cultivated wools. This consists in a ten- 
dency to form rings of scales, in which we have the single scale 
continuous round the whole circumference of the fibre, similar to 
those characteristic of Chinese wool given in Plate XXIV. fig. 5, 
except that the free margin of the scales are not so marked or the 
scales so solid and horny, while the attachment of the epidermal 
scales to the cortical part is more continuous. Such a fibre is given 
in Plate XXIV. fig. 19, taken from a Pacpathian fleece. 

The third class of fibres (c) are those of true wool, and possess all 
its highest characteristics. They are always much shorter than the 
others, and form an undergrowth of fine fibres which fill in the 
spaces between the coarser hairs, and in many cases are as fine and 
delicate in structure, with as great a tendency to curl, as the most 
beautiful fibres taken from the fleeces of the most cultivated sheep. 

Plate XXIV. fig. 20 is taken from a fibre drawn from the fleece of 
an Afghan sheep (Ovis cagia). The specimen of wool from this sheep 
was a most extraordinary mixture of the very coarsest hair and fibre 
with the very finest wool, so much so that it almost seemed impos- 
sible that such diverse fibres could grow at any rate on the same 
portion of the skin. Most of the coarse hairs resembled fig. 12 and 
fig. 15, were deeply coloured by dark black, brown, and yellow 
pigment, and possessed a hard horny structure. The fine fibres 


were perfectly colourless and transparent, and closely resembled the 


wool of the English Southdown or the Australian merino. Except 
that there was a larger variation in the structure of the scales in 
many of the individual fibres than is usually noticed in the most 
cultivated wools, they could not be distinguished from them. When 
we come to look at the wool of the more cultivated races of sheep, © 
such as the common domestic sheep (Ovis rusticus), we find much 
less variation in the individual fibres than is usual in the less culti- 
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vated races, but the difference in structure between one fibre and 
another is nevertheless frequently very marked. 
If we examine a number of fibres from a Lincoln sheep, there is 


in the finer fibres a close resemblance to those which are found in 


all the long-woolled breed, but along with these there are fibres 
which are distinctive of the Lincoln breed alone. In the latter 
there occur more or less rounded scales along with the usual serrated 
ones, as though there was a tendency to revert to the more distinct 


form of scales which we have seen on some of the coarser hairs, 


such as given in Plate XXIV. fig. 13, from a Cheviot sheep, or the 


alpaca fibre given in Plate XXIV. fig. 9. A fibre of Lincoln wool, - 


drawn from the fleece of a Lincoln wether, which exhibits this 
peculiar formation is given in Plate XXIV. fig. 21. Many parts of 
this fibre bear a distinct resemblance to the Lincoln fibre already given 
in Plate XXIV. fig. 7, except that the scales are not so distinctly 
marked nor so freely imbricated at the margins, and at irregular 
intervals this imbrication entirely ceases, and we have smooth 


rounded edges taking their place. When looking atthe second class — 


of fibres found in the coarse Asiatic wools, we noticed a formation 


represented in Plate XXIV. fig. 19, where the scales lose their foliated 


characted and tend to form continuous rings. This peculiarity in 


the formation and attachment of the cuticular scales is also fre- 


quently found amongst the fibres of the more cultivated wools. 

It is indeed of very frequent occurrence in most of the long- 
woolled breeds, such as the Lincoln, and may be seen in Plate XXIV. 
fig. 22, which represents the appearance of a fine fibre, taken 
from a fine Lincoln wether fleece. "Where this formation obtains, 
the scales are always more horny in their substance than those of 
the fibres possessing the normal structure which are associated 
with them. In many cases these fibres are associated in clusters 
in the lock of wool, as though a special area of the skin possessed 
the power of producing them, but they are also frequently found 


separately, and sometimes only parts, even of the same fibre, — 


exhibit this peculiarity. They are also usually confined to certain 
parts of the animal, and occur specially at those parts where the 
wool tails off into short hair, as at the junction of wool and hair 
on the face and limbs. ue 


In Plate XXIV. fig. 23 we have a fibre which displays both the 
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characteristic scales of the true wool and the larger and more 


ring-like formations. This was sketched from a fibre taken from 
a Leicester sheep. In this fibre it will be noticed that one of 
the ring-like scales is of great length when compared with the 
diameter of the fibre, or the relative length of the other scales 
above and below. When this fibre was examined with transmitted 


light, so as to render its internal structure visible, a peculiarity 


was noticed which is of very great importance from an industrial 
or technical point of view. At that part of the fibre where the 
surface was covered by the large smooth scale, the internal structure 


_ exhibits no sign of any definite cells, either in the medullary or 
cortical parts. Up to the extremity of the imbricated and wool- 


like scales, indications of cell structure are visible, both in the 
cortical and medullary paris, but beyond that point they cease to 
exist in either, and the whole fibre assumes an ivory-like density. 
This change in structure does not occur all at once, but seems to 
commence in the central part of the fibre, and gradually to extend 
outwards until it constitutes the formation of the whole fibre. © 
This will be seen in Plate XXIV. fig. 24, which exhibits a section 


of the same fibre as Plate XXIV. fig. 23. Beyond the point to 


which the ring-like scale extends, this solid structure again tails 


off, and the fibre assumes its usual appearance. This peculiarity 


is not of very great importance when the area over which it extends 
is small, but when it becomes the general characteristic of the fibre 
it introduces serious difficulties in the way of the manufacturer, 
because the solid portion of the fibre ceases to be elastic and 


pliable, and easily breaks when subjected to flexure. In addition 


to this all these fibres resist, or are incapable of that felting action 
which is so important a feature in the true wool, and which 


depends upon the facility with which the scales of the one fibre 


interlock into those of others when in juxtaposition. These solid 
fibres also resist the entrance of all dyeing or colouring matter into 
their interior, and will only receive a surface colouring, which is 
readily removed by either chemical or mechanical means, In some 
cases the outer continuity of the scales is not accompanied by a change 
of internal structure, and when examined by transmitted light the 
cortical and even medullary cells are distinctly visible. Such fibres 
are usually known as flat kemps, because they generally possess an 


Br: 
thee 
vz 
iv 
~ 
fy 
@ 
iy 
2 
we 


670 Proceedings of the Royal Society 


oval section in which the major axis is very large in comparison 
to the minor axis. In this case the fibres will receive the ™ 3 


but they will not felt. 


Kempy fibres are always most numerous in the fleeces of wild 


~ and uncultivated sheep, but they also occur in those of the most 


cultivated races. In the former case they are generally distributed 
throughout the whole of the fleece, but in the latter they are 
usually confined to certain localities as already mentioned, and are 
almost certain indications of want of trueness in the breed of 
the sheep. These kempy fibres are in most cases larger in 


_ diameter and shorter in length than the wool fibres with which 


they are associated. Plate XXIV. fig. 25, represents a section of a 
coarse kemp taken from a Highland sheep. 

In the fibres taken from the fleeces of middle-classed wie such 
as the Southdown and half-bred sheep, we have considerable uni- 


-formity in the general structure of the fibres and the surface con- 


figuration of the scales, but with frequent indications in many of 
the fibres of a return or reversion to the typical structure of the 
fibres of the original stocks out of which these artificial races have 


been produced. Plate XXIV. figs. 26 and 27 are illustrations of © 


two fibres taken from the same lock of wool drawn from a Leicester- 
Botany fleece. The first exhibits all the characteristic features of 
the fibres found in a pure Leicester sheep, and the latter closely 
resembles the pure Australian merino fibres. These two fibres must, 
from their position in the lock of wool from which they were taken, 
have been generated within follicles which were imbedded side by 
side in the skin. They may be compared with Plate XXIV. figs. 
4 and 8. | 

In the perfectly pure races of sheep, such as the best English 
Southdowns, or the Spanish, German, and Australian merinos, in 
which we find the greatest perfection of the fleece and fibre in all 
the most desirable characteristics of wool, and where every care and 
attention has been paid to the health and comfort of the sheep, we 
also find the least tendency to any variation in the individual fibres. 


_ Even here, however, we find differences in the structure of fibres 
- which have grown in close continuity with each other. This differ- 


ence can only be explained by considering some of the arrangements 
of the epidermal scales as undoubted cases of reversion to the type 
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of fibre characteristic of the original stock from which these varieties 
were obtained in the remote past. Several of these more important 
variations are given in Plate XXIV. figs. 28, 29, and 30. These fibres 
are all sketched from pure Australian merino fibres. In fig. 28 the 
arrangement of the epidermal scales in the upper and lower part of 
the fibre closely resembles that exhibited in the Cheviot fibres given 
in Plate XXIV. fig. 13, while the central portion is covered with scales 
which are similar to those on. the Pacpathian fibre, given in Plate © 
XXIV. fig. 13. The fibre given in fig. 29 closely resembles Plate 
XXIV. fig. 22, taken from a Lincoln sheep in which the same ring- 
like scales appear at intervals. Fig. 30 shows a kempy development, | 
which, however, in the finest merino wool, is very rare, with short 
intervals in which the true wool appears. As a rule, when kemps 
occur in the merinos, the whole fibre partakes of this character, and 
the fibres are flat ovals in section, with a clear transparent structure. 
In some of these kempy fibres the usual curled or waved character 
of the true wool is replaced by a twisting of the whole fibre round 
its axis, so as to give the fibre the appearance of a corkscrew, with 
a comparatively wide pitch, or like the twist in a fibre of cotton. 

These variations from the normal structure of wool and other 
allied fibres might be very much increased if we include those 
-which are evidently the result of malformations arising from the 
various diseases to which sheep are subject, or to the existence of 
more than one fibre within the same follicle, which frequently pro- 
duces fibres of singular configuration ; but those which have already 
been named and figured show the principal variations which are 
presented in the fibres under ordinary conditions. 

It issingular that most of these variations, indeed all of them, are 
- formed in the fibres from the same sheep in the various races which 
inhabit Central Asia ; while in most of the sheep inhabiting other 
parts of the world, the usual variations from the normal types are 
less distinctive in their character, and confined within narrower 
limits. This seems to point to the mountainous regions of Central 
Asia as the district from which the present domestic sheep has . 
spread over the other countries of the world.. If the study of these 
variations will throw any light on the cause which produces them, 
and thus enable those who are engaged in the culture of the sheep — 
to secure still greater uniformity in the character of the fleece, it 
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will undoubtedly render great service to those who require to use 


wool for the higher branches of textile manufacture. 


4, On the Comparison of the Intensity of Gravity at 
different Stations. By Professor Tait. — 


5. On the Reproductive Organs in the Genus ‘Eudrilus, 


E.P. By Frank E. Beddard, M.A., F.Z.S., Prosector to 
the Zoological Society of London. (Plate XXV.) 


Among the many interesting genera of earthworms described by 


_ M. Perrier, the most interesting and remarkable in many ways is 


Eudrilus. This genus is unique among earthworms, by reason of 


the peculiar structure of its generative organs. In all earthworms 


at present known, with this exception,* the ovaries are situated in ~ 
a distinct segment of their own, into which opens the funnel of the — 
oviduct, which is quite independent of the ovary; the oviducts 
generally pass through the mesentery which bounds posteriorly the 
segment (usually the 13th) containing the ovaries, and open on 


_ to the exterior of the body in the ventral surface of the following 


segment. 
M. Perrier has described these organs in Hudrilus in the follow- 


ing words (Vouv. Arch. d. Mus., t. viii., 1872, p. 74) :—‘L'appareil 


femelle n’est pas moins étrange. II est situé dans le quatorziéme 
anneau et son orifice extérieure n’est pas autre chose que l’orifice 
porté par cet anneau en avant de la paire supérieure de soies. On — 
voit partir de cet orifice un tube qui se recourbe plusieurs fois, en se | 
dirigeant en arriére, se renfle finalement en une poche allongée & 
parois plus ou moins distendues et dont, l’extrémité en cul-de-sac se 
dirige en avant. Greffés sur ce tube avant sa dilatation en poche 
on voit d’abord un tube plus petit entortillé de facons diverses, et 


_ juste en face de lui une sphére assez peu volumineuse, quelquefois 


deux, qui présentent alors un aspect un peu différent. Je n’ai 
pu examiner ce dernier corps que sur deux individus conservés 


dans Yalcohol,..... mais cette examen ne peut laisser — 


aucun doute; ce sont 14 des ovaires dans lesquels il est encore 


* Moniligaster appears to be somewhat abnormal in the size and position of | 
the ovaries; but there is no fundamental difference from other Oligocheta. 
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possible reconnaitre des ceufs avec tous leur éléments caractéris- 


tiques.” I presume from this account, and from the figure (loc. cit., 
pl. ii. fig. 26, 0) which illustrates it, that M. Perrier means to imply 


that in this earthworm the ovary is not only fixed on to the 


spermatheca, but that it actually communicates with the exterior 


_ through its lumen ; that the spermatheca, in fact, serves not merely 
as a receptacle for the semen, but also as an oviduct. This is not 


stated in so many words by Perrier, and writers of text-books have 


not quoted this fact in describing the female generative organs of _ 


the Annelida. I find, however, that M. Perrier’s statements are in 


a way correct, and as the matter is one of importance, from the 


general point of view of the morphology of the generative organs 
and their ducts in Annelids, I think it worth while to enter more 
fully into the subject. 

The opportunity to do so has been afforded by the kindness of 
Mr E. L. Layard, H.B.M. Consul at Noumea. Among a number of 
earthworms sent to me from New Caledonia, were several specimens 
of a species of Hudrilus, which appears to be not far removed from 
Perrier’s E. peregrinus. As this species and one other are natives 
vf the West Indies, while the third species is from Rio Janeiro, 
the genus being thus a New World genus, I am inclined to think 
that the New Caledonian species has been imported, and is not 
indigenous to that island.* 


By comparing together a complete series of sections, and checking 
the results by help of a careful dissection under a lens, I have been 


able to make out the relations of the different parts of the female 
generative apparatus. Plate XXV. fig. 1, illustrates these organs as 


seen under a lens previous to any dissection ; in fig. 2 the different 
_ parts are separated from each other, and are seen to consist—(1) of | 


a thick-walled muscular vagina (v), which is continuous above with 
(2), a somewhat pear-shaped thin-walled pouch, the spermatheca ; 
at the junction of the spermatheca with the vagina open two ducts, 


one on each side; (3) the long coiled oviduct od, terminating in 


(4) the ovary; on the other (5) a small rounded gland al, which 
is almost sessile upon the vagina, communicating with ite lumen by 
a very short duct. 


* Mr Layard, however, informs me that hare 1 is no direct communication 
between New Caledonia and South America. 
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The ovary is a rounded gland, somewhat flattened from above 
downwards ; in transverse sections it has a reniform outline illus- 
trated in figs. 3, 4; from the lower surface of the organ (fig. 3) arises 
the oviduct, which is at first (d) thin-walled with a wide lumen, and 
afterwards (c) acquires a thicker muscular coating ; the oviduct is 
everywhere lined with a single layer of columnar epithelial cells, 
In the figures referred to (figs. 3, 4) it will be seen that the 
oviduct 1s completely continuous with the ovary ; its lumen passes 
_ into the interior of that organ, and its muscular walls pass without 
a break into the muscular tunic of the ovary. | 

' In fig. 4 I have sketched a highly magnified section of the ovary, ' 
in order to display its structure as fully as possible. 

As already mentioned, M. Perrer has briefly described and figured 
the ovaries of EHudrilus, and has called attention to the fact that 
these structures cannot be interpreted in any other way, since they 
contain most unmistakable ova entirely like those of other Lum- 
bricidee. 

In fig. 5 is represented an ovum with its germinal vesicle and 
germinal spot. The ovum is bounded externally by a very con- 
spicuous and comparatively thick membrane, which in my pre- 
parations has been rendered more distinct by deep staining with 
borax carmine; the protoplasm of the ovum is uniformly granular, 
though occasionally I have observed cavities free from granules. 
The germinal vesicle is large, and distinctly limited by a membrane ; 
it lies usually eccentrically, and is oval or more irregularly curved 
in form; the germinal vesicle appears to contain a fluid substance, 
and has usually a single, spherical, highly refracting, germinal 
spot; I have noted as many as three of these in some ova. In the 
figure which illustrates the ovum (fig. 5), the membrane which 
bounds it externally is represented as being homogeneous, it appears 
from my sections that there is only this vitelline membrane and no 
other. The protoplasm of the ovum forms a somewhat denser layer 
just beneath the membrane, which is better shown in fig, 5, a. 

The mature ova were in every case surrounded by a very distinct 
columnar follicular epithelium, and the rest of the compartment was 
filled up with a mass of small rounded cells (fig. 4), some of which 
were larger than others, and appeared to be ova in course of develop- 
ment; the exact disposition of these masses of cells I am unable to — 
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give as they were much broken up, and had shrunk away from the 
walls, 

There can, however, I should imagine, be no doubt whatever that 
_ the structures figured in figs. 3, 4, and 5 are ova, and that the body 
in whose cavities they were invariably found is the ovary. 

The oviduct (fig. 2, od) is greatly coiled, and when stretched out 
is of considerable length; the distal region, that nearest to the 


ovary, can readily be distinguished in transverse sections by its 
wider lumen and thinner walls; this part is lettered d in fig. 3, 


the proximal section of the oviduct is lettered c in the same figure; 
bis the vagina. I have traced by means of sections the whole course 
of the oviduct from the aperture into the vagina up to its disappear- 
ance in the interior of the ovary, but I have not thought it worth 
while to figure a large series of sections in order to display the 
whole course of the oviduct. The oviduct. is lined by a columnar 


epithelium, which, at any rate in cer tain regions, is ciliated. At the 


point where the oviduct opens into the vagina, but on the opposite 


_ side of the latter, is a small, spherical, yellowish-coloured, glandular | 


body, which can readily be distinguished from the ovary by its 
yellowish colour (the ovary is white and translucent) and smaller 
size; an examination of its minute structure showed also that this 


body is not a second ovary; for it contained no traces of ova. The 


interior is divided up, however, like the ovary into numerous com- 


partments by trabeculz, and the walls of these compartments are 
everywhere lined by an epithelium. It appears to be a glandular — 


organ, and it communicates (fig. 5) by a short, narrow duct with 
the vagina. This structure is possibly analogous to an albumini- 
parous gland. I could observe no traces of spermatozoa either in 
this glandular diverticulum or in the spermatheca, but it appears to 


be exceedingly probable, from the structure of these parts, that the 


ova are fertilised in the duct of the spermatheca which I have 
termed the vagina (fig. 2, v). | 

At the commencement of this paper I have given M. Perrier credit 
for having been the first to recognise the fact that the ovary opens 


‘into the duct of the spermatheca, and that its contents reach the 


exterior by this duct. M. Perrier’s circumstantial account and the 
figure which he gives seems to favour such an interpretation; I find 


that Mr Benham, in a recently published memoir on earthworms, has — 
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arrived at a similar conclusion as to M. Perrier’s results.* The facts, — 


however, which I have detailed above seem to me to indicate that 


M. Perrier did not really absolutely prove any such connection 
between the ovary and the spermathecal duct; at the same time, I 


- make these remarks with considerable hesitation, having had in the 


course of my own investigations into the structure of this group 
abundant evidence of the accuracy of M. Perrier’s drawings and 


description. The species of Hudrilus which I have myself 


studied does not appear to me to differ markedly, either in 
external characters or in anatomical structures, from Hudrilus 
peregrinus ; and I have already expressed doubts as to whether, for 
this reason, the species can be really indigenous to New Caledonia, 
whence it was sent to me. Whether or not the species is identical 


_ with Eudrilus peregrinus, there is little reason to suppose that the 


female generative organs would show any such differences in indi- 
viduals, or closely allied forms, as would appear to be the case from 


a comparison of Perrier’s with my own description ; and I should” 


mention that the facts brought forward in the present paper depend 


upon the examination of four ovaries and their ducts, two of which 


have been studied by simple dissection, and two by continuous series 
of transverse sections ; these latter are complete series, not a single 
section having been lost, and I have naturally retained them for 
reference. M. Perrier distinctly speaks of the ovary in Ludrilus 
peregrinus as being sessile upon the spermatheca; in #. Lacazir 
there is a small spherical body in the same position, as also in EF. 
decipiens ; in neither of these. latter species, however, does M. 
Perrier appear to have made out ova in the supposed ovaries, which 
may therefore be presumed with equal reason to represent the 
accessory glandular body of Z. peregrinus. The figure illustrating 
the female generative apparatus is from FH. decipiens; the most care- 
ful examination of my sections has revealed no structure which can 
possibly correspond to the diverticulum (petit tube entortillé) of 
the spermatheca, except the oviduct ; nevertheless, the ovary appears, 


on asuperficial view, to be sessile upon the duct of the spermatheca. 


This appearance may have misled M. Perrier, although the figure 

cited from his work appears to indicate that he made a dissection, 

and did not merely figure the various structures as they appear 
* Quart. Jour. Micr. Sci., 1886, p, 262. 
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when the body of the worm is opened. I am bound to conclude, 
therefore, that M. Perrier’s remarks on the structure of the female 
generative apparatus in Hudrilus represent a lucky guess partly 
expressing the truth; in this case I may claim for myself the dis- 
covery of the true relations of the ovary to the oviduct in Eudrilus, 
Another fact, which shows plainly that the structure which I have 
described as an oviduct is really so, and not a diverticulum of the 
spermatheca, is its ciliation; I cannot state positively that the ovi- 
duct is ciliated throughout, but in its distal portion nearest to the 
ovary the cilia were here and there extremely conspicuous ; a few of 
these cells are drawn on fig. 7 of the Plate. I am not acquainted 
_ with any earthworm in which either the spermatheca or its diverti- 
cula are ciliated ; and, indeed, the presence of cilia would be useless | 
in a pouch which serves for the storage of the spermatozoa. 

In fig. 76 of plate iv. of his memoir, M. Perrier has figured a 
portion of the ovary of Zudrilus. The figure illustrates the trabe- 
_ cule of muscular or connective tissue which bound the several com- 
partments of which the organ is composed; the ova are represented 
as being surrounded by a granular mass, which entirely fills up 
the space separating the ovum or ova from the trabecule ; this, as 
I have already stated, is not a homogeneous mass, but is evidently | 
composed of small closely packed cells, some of which are young 
ova, while others form a definite single layered follicular epithelium — 
immediately surrounding the ovum. 

The female genital apparatus of Hudrilus differs, therefore, from 
that of other Oligocheta,— 


(1) In the connection of the oviduct with the spermatheca ; 
_ (2) In the continuity of the ovary and its duct ; 

(3) In the complicated structure of the ovaries ; and, 
_ (4) In the presence of a definite columnar follicular epithelium 
surrounding the mature ovum. 


A discussion of these several points naturally follows :— 

(1) The connection of the oviduct with the spermatheca is a 
novelty in the group; but, at the same time, it must be remembered 
that the structure which I have identified with the spermatheca, 
following Perrier, may not really be the morphological equivalent 
of the spermatheca of Lumbricus or Pericheta. The position of 
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these organs behind the testes are against such an identification; at 
the same time, in Microcheta, Mr Benham* and myself} have de- 
scribed a number of small pouches, which may correspond to the 
spermatheca, and are in a similar position as far as the testes are 


‘concerned. Furthermore, the position of the conjoined oviduct and 


spermathecal apertures by the outer pair of sete, while the male 
genital pores are placed on a level with the lowermost pair of sete, 
suggests a practical difficulty in assigning to these pouches the 
function of seminal reservoirs. I have not succeeded in finding ~ 
any trace of spermatozoa within the supposed spermatheca ; but this 


failure does not count for much, considering the condition of the 


specimens. In my opinion, the nature of these so-called sperma- 
theca must be left undecided for the present; they appear to be 


possibly new structures — on the oviduct, but probably 


serve as spermathece. 


(2) The absolute continuity between the ovary and its duct is not 


merely new to the Oligocheta terricola, but to the whole of the 


Chetopoda. In this group the generative ducts are more generally 
regarded + as the slightly metamorphosed equivalent of nephridia ; 
and, without insisting upon their homology with nephridia, it is at 
any rate clear that they are quite independent of the generative 
glands, both as regards origin and adult structure; in other groups. 
of the invertebrata there is some dispute as to the nature of the | 
genital ducts. Lang§ speaks of the sexual products in the Platy- 

helminthes and Hirudinez being carried off by special ducts, which 
are prolongations of the genital ducts themselves. Balfour|| considers © 
this view doubtful in the case of the Hirudinez and Platyhel- 
minthes, but is in favour of regarding the genital ducts of the 


_ Nematodes as being of this kind. In all these instances, as well 


as in the Crustacea and in some Mollusca (and, according to the 
Hertwigs,{l in Bryozoa and Rotifera), the genital products are carried 
out of the body by ducts which, whether they are or are not modi- 


* Quart. Jour. Micr. Sci., March 1886. 

+ Trans. Zool. Soc., vol. xii. part 3. 

+ Balfour, Comparative Embryology, vol. ii. p. 618; Gegenbaur, Elements of | 
Comparative Anatomyj; Huxley, Anatomy of Invertebrated Animals; Lankes- 
ter, Ency. Brit., art. ‘‘Mollusca.” 

§ Arch. d. Biol., vol. ii. (1881), p. 551. 


|| Comp. Embry., vol. ii. p. 619. I Caelomtheorie, p. 26 et passim. 
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fied nephridia, have at any rate acquired a close secondary connec- 
tion with the generative glands ; the anatomical difference between 
the generative ducts in the Leeches and Platyhelminthes on the 
one hand, and the Oligocheta on the other, is a fact worthy of note, - 
even if it does not express a profound morphological difference. In 
Kudrilus the materials at my disposal do not enable me to make 
any statements respecting the morphology of the oviducts ; but their 
continuity with the ovary, whether merely secondary or fundamental, 
is an important fact in their anatomy, and is comparable to the 
structure of the oviduct in Hirudo* or in the Platyhelminthes. 
Indeed, the whole arrangement of the female generative apparatus, 
with the ‘stout muscular vagina, the spermathecal pouch, and the 
accessory gland opening into the vagina, is by no means unlike the 
conditions met with in certain Gastropoda. Without wishing to 
push this latter comparison too far, I may insist upon the undoubted 
resemblance to the: Hirudinea and Platyhelminthes, partioulacly to 
the former group. | 

The tendency of recent research has been rather against regarding 
the Hirudinea as Annelida, and their numerous points of affinity 
with the Platyhelminthes have been pointed out by Lang, Bourne, 
and others ; it 1s, therefore, important to observe that, as far as the 
female generative organs are concerned, there is a decided resem- 
blance between Eudrilus and Hirudo, and this fact keeps to bridge 
over the gap which separates the Leeches from the Chetopoda. It 
also follows that the structure of the genital glands and their ducts 
is not constant in the Oligocheta, as it is generally believed to be ; 
and on this account it is not permissible to lay too great stress upon 
the relations between the genital glands and their ducts in classifi- 
cation (as also in the case of the Ganoid and Teleostean fish). 

In every respect, with the exception of the ovaries and their ducts, 
Eudrilus conforms very closely to the structure of other earth- 
worms; and in view of these striking resemblances of structure, the 
condition of the ovaries and oviducts can hardly be regarded as being 
of such importance as to separate Hudrilus from other Oligocheta. 
In Lumbricus the ovary terminates in a slender process, which was 

* It has been recently shown by Nussbaum (Zool. Anz., Bd. viii. p. 184) that 


the oviducts of the Leech are primitively independent of the ovary, and only 
later acquire a connection with it. 
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first described by d’Udekem,* the discoverer of these organs ; this 
structure, which is a prolongation of the delicate cellular covering of 
the ovary, was erroneously regarded by d’Udekem as the oviduct ; 
it may possibly represent morphologically the oviduct in Eudrilus, 
and be the last remnant of an oviduct continuous with the ovary, 
such as exists (7) in the unsegmented worms from which the Annelida 
must have originated. 

(3) The minute structure of the ovary in Eudrilus is evidently 
different from that of other Oligocheta; in Lumbricus+ these 
glands are little more than a specially thickened region of the peri- 
toneal epithelium, enclosed in a thin capsule formed by the peri- 
pheral layer of cells. In EHudrilus the glands show a very con- 
siderable advance in structure; the details given above, although 
unfortunately very imperfect, seem to indicate that the ovaries may 
have originated, not from the epithelium lining the general body | 
cavity, but that they may more nearly resemble the ovaries of the 
_ Platyhelminthes and Leeches, which belong to the “ tubular” type. 
This question can, of course, only be settled by a study of their 
development. In the case of the Leeches, Balfour supposes, that 
‘if, as seems probable, the true affinities of the Leeches are with 
the Cheetopoda, the investment of the ovaries must be of a secondary 
nature.” Very possibly this is also the case with Eudrilus, but in 
the meantime the structural resemblance to the Leech is a fact to be 
noted ; in both cases the ovary is enclosed in a muscular coat. It 
might be objected to what I have already said, that in the ovaries and 
- oviducts of Hudrilus there is a similarity to the testes and vesicule 
seminales of earthworms. These organs, as we know from the 
researches of Hering,t confirmed by Bourne,§ have the following 
structure:—There are two pairs of minute testes about the same 
size as, and occupying a similar position to, the ovaries. The con- 
tents of the testes are transferred, when in a more or less complete 
condition, to pouch-like structures, developed at the expense of the 
proximal ends of the vasa deferentia, or according to Bergh (Zool. — 
Anzeig., Bd. ix, p. 232) from the septa. . These seminal vesicles are . 


* Mem. cour. ef mem, d. savants etrag., Acai. Roy. d. Belgique, t. XXvii. 
(1856), p. 20. 


+ Claparéde, Zeitschr. f. wiss. Zool., Bd. xix. (1869). 
t Zeiischr. f. wiss. Zool., (1852). 
§ Quoted by Bloomfield, Qwart. Jour. Micr. Sci., vol. xx. (1880). 
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not mere hollow cavities filled with developing spermatozoa, but, as 
Bloomfield has shown, are divided up in a reticulate fashion by 
septa of connective tissue. There are therefore some reasons for ~ 


- supposing, that in Eudrilus the female generative apparatus is similar 


to the male generative apparatus; that the structures which I have 
described as ovaries correspond to the receptaculum ovorum described 
by Hering, Horst, and recently by Bergh (Zool. Anzeig., Bd. ix. 
p. 232) in Lumbricus, and that, therefore, the true ovaries remain to 
be discovered. Such a similarity would be interesting, more espe- 
cially because it would be a further development of the conditions 
met with in other Lumbricide ; but I am inclined to think that it 


does, not occur in this genus; the fact that the supposed ovaries 


contain not merely mature and immature ova, but that they consist 
of numerous tubules, evidently lined with a germinal epithelium, 
from which the ova arise, and the fact that these tubules converge 
and open into the oviduct, appears to me to show that — are the 

(4) The formation of a columnar follicular epithelium surrounding 
the ova has not, to my knowledge, been observed in any earthworm. 
In the summary of observations on the ova in different groups, 
given in the first volume of Balfour’s Comparative Embryology, 
there is no statement concerning the presence of a follicular epithe- 
lium, which, however, is known to occur in Sipuwnculus and in the © 
Leeches. In the latter group it has been described by several 


_ writers, including Jijima* and Schneider,+ but appears to form a 


continuous protoplasmic mass investing the ovum, and containing 
nuclei. In Sipunculus and the Echinodermata, and in Lumbricide 
there is a follicular epithelium which is formed of flattened cells. 
The follicle of Hudrilus appears, in fact, to resemble that of certain 
lower vertebrata more than any segmented worm; but in the absence 
of more extended information than we possess at present, I do not 
wish to' be understood to insist upon this similarity. | 
The ovum, with its surrounding follicular epithelium, is displayed 


in fig. 5 ; the cells, as will be seen from that figure, are very small, | 
and I was unable to detect a nucleus. The appearances illustrated : 


* See Isaa Jijima, Ege &c., of Nephelis,” Jour. Micr. Sci., 
vol. xxii. (new series), p. 159. 
+ Das Ei und seine Befruchtung. 
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in that figure seem to me, however, unquestionably to indicate the 
presence of a definite follicular epithelium ; I can hardly have con- 
founded it with a zona radiata, for this latter membrane when pre- 
sent is inside the vitelline membrane, whereas the structure described 


by me in this paper as follicular epithelium is outside the vitelline 
‘membrane, 


EXPLANATION OF PLATE. 


Fig. 1. Female generative apparatus of Eudrilus sketched in situ. 

Fig. 2. Female generative apparatus of Eudrilus with the different 
parts separated by dissection. sp, spermatheca; v, its muscular duct; 
al, diverticulum ; ov, ovary; od, oviduct. — 

Fig. 3. Transverse section through the female generative organs. a, 
glandular diverticulum of spermatheca; 6, muscular duct of spermatheca ; 
c, distal section of oviduct; d, proximal region of oviduct continuous with 
ov, ovary. | 

Fig. 4. Transverse section through ovary, and commencing oviduct 
more highly magnified. a, ovum surrounded by follicular epithelium ; 
the compartment containing this ovum, as well as the next, are nearly 
filled by the germinal epithelium, among which a few conspicuous nuclei 
are to be observed, which are probably those of developing ova; c, com- 
mencing oviduct, its walls continuous with those of ovary. 

Fig. 5. Ovum of Eudrilus. g, germinal vesicle; gr, germinal spots; — 
on the right of the figure is another (A) representing a segment of the 
ovum more highly magnified; f, follicular epithelium; m, vitelline (?) 
membrane; y, peripheral layer of denser protoplasm. 

Fig. 6. Transverse section through duct of spermatheca and its 
glandular diverticulum, to show opening of latter into former. a, diver- 
ticulum ; b, duct of spermatheca; c, oviduct near to its opening into b; 
d, more distal region of coiled oviduct. ; 


Fig. 7. A few cells from oviduct, to show their a nee form and 


PRIVATE BUSINESS. 


The following Candidates were balloted for, and declared duly 
elected Fellows of the Society :—A. Beatson Bell, Chairman of Prison 
Commissioners, 130 George Street; J. P. B. Robertson, Q.C., M.P., 
19 Drumsheugh Gardens; John Halliday Croom, M.D., 25 Char- 
lotte Square; D. Bruce Peebles, Tay House, Bonnington ; Leopold 


Field, F.C.S., Lambeth, London; Rev. J. MacGregor, D.D., 11 
Cumin Place. 
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Monday, 19th April 1886. 


Sir WILLIAM THOMSON, Hon. Vice-President, 
in the Chair. 2 


The President laid before the Society a proposal for a Subscription 
to present a Medal to Professor van Beneden on the occasion of his 
Jubilee as Professor. 

The President read a letter from the Committee of Organisation 
of the “Congrés International d’Hydrologie et de’ Climatologie de 

Biarritz,” to be held at Biarritz on the lst of October of the present 
‘year. | | 

The President read a letter from the President of the Society of . 

Antiquaries of London, calling the attention of the Society to a 
- memorandum in reference to the preservation of the Court Rolls of 
the Manors of this country. oe 3 


_ The following Communications were read :— 


1. On a new form of Portable Spring Balance for the 
Measurement of Terrestrial Gravity. By Sir W. 
Thomson. | | 


The design and construction of the instrument now to be described 
was undertaken on the suggestion of General Walker, of the East 
Indian Trigonometrical Survey. At the Aberdeen Meeting of the 
British Association in 1885, General Walker obtained the appoint- 
ment of a committee to examine into the whole question of the 
present methods and instruments for the measurement of gravita- 
tional force, and to promote investigation, having for its object the 
production of gravitation measuring instruments of a more reliable 
and accurate character than those now in use. 

The secretary of this committee, Professor Poynting, has already 
issued a circular note to the members of the committee (of whom 
the author is one), stating the conditions which must be fulfilled by 
any gravimeter laid before the committee for examination and 
report. 


4 
Ry 
4 
<a 
‘Al 
a 


684 Proceedings of the Royal Society 


An instrument, constructed according to the following description, — 
promises to fulfil all the conditions mentioned in Professor Poynting’s 
circular. Its sensibility is amply up to the specified degree. It is, 
of necessity, largely influenced by temperature, and it is not certain 
that. the allowance for temperature, or the ‘means which may be 
worked out for bringing the instrument always to one temperature, 


may prove satisfactory. It is almost certain, although not quite — 


certain, that the constancy of the latent zero of the spring will be 
sufficient, after the instrument has been kept for several weeks or 


months under the approximately constant stress under which it is 
to act in regular use. 


WW, AG. Hw ™ 


Front elevation, with one-half of Tube removed. ; 


The instrument consists of a thin flat plate of springy German silver 


of the kind known as “doctor,” used for scraping the colour off the 
copper rollers in calico printing. The piece used was 75 centimetres 
long, and was cut to a breadth of about 2 centimetres. A brass weight 
of about 200 grammes was securely soldered to one end of it, and ~ 
the spring was bent like the spring of a hanging bell, to such a 
shape that when held firmly by one end the spring stood out 
approximately in a straight line, having the weight at the other 
end. If the spring had no weight the curvature, when free from 
stress, must be in simple proportion to the distance aiong the curve 
from the end at which the weight is attached, in order that when 


held by one end it may be eae by the weight exed at the 


other end. 


The weight is about 2 per cent. heavier than that which would 
keep the spring straight when horizontal ; and the fixed end of it 
is so held that the spring stands, not horizontal, but inclined at a 
slope of about 1 in 5, with the weighted end above ithe level of the 
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fixed end. In this position the equilibrium is very nearly unstable. 
A definite sighted position has been chosen for the weight, — 
relatively to a mark rigid]y connected to the fixed end of the spring, 
fulfilling the condition that in this position the equilibrium is stable 
at all the temperatures for which it has hitherto been tested ; 
while the position of unstable equilibrium is only a few milli- 
metres above it for the highest temperature for which the instru- 
ment has been tested, which is about 16° C.. 

The fixed end is rigidly attached to one end of a brass tube, 
about 8 centimetres diameter, surroundin g the spring and weight, 
and closed by a glass plate at the upper end of the incline, through 
which the weight is viewed. The tube is fixed to the hypotenuse 
of a right-angled triangle of sheet brass, of which one leg, inclined © 
to it at an angle of about + radian, is approximately horizontal, and 
is supported by a transverse trunnion resting on fixed V-s under the 
lower end cf the tube, and a micrometer screw under the short, 
approximately vertical, leg of the triangle. 

The observation consists in finding the number of turns and parts | 
of a turn of the micrometer screw, required to bring the instrument 
from the position at which the bubble of the spirit-level is between 
its proper marks, to the position which equilibrates the spring-borne 
weight, with a mark upon it exactly in line with a chosen divisional 
line on a little scale of 20 half-millimetres, fixed in this tube in the 
vertical plane perpendicular to its length. 

The instrument is, as is to be expected, exceedingly sensitive to 
changes of temperature. An elevation of temperature of 1° C. 
diminishes the Young’s modulus of the German silver so much, 
that about a turn and a half of the micrometer screw (lowering the 
upper end of the tube at the rate of 2/3 millimetre per turn) pro- 
duced the requisite change of adjustment for the balanced position 
of the movable weight. About 14 turn of the screw corresponds to 
a difference of 1/5000 in the force of gravity, and the sensibility of 
the instrument is amply valid for 1/40 of this amount ; that is to 

say, for 1/200,000 difference in the force of gravity. Hence it is not 
~ want of sensibility in the instrument that can prevent its measuring 
differences of gravity to the 1/100,000; but to attain this degree of 
minuteness it will be necessary to know the temperature of the 
spring to within 1/20°C. I do not see that there can be any great 
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difficulty in achieving the thermal. adjustment by the aid of a 


water jacket and a delicate thermometer. To facilitate the requisite 


thermal adjustment, I propose, in a new instrument of which I 
shall immediately commence the construction, to substitute for the 
brass tube along double girder of copper (because of the high 


- thermal conductivity of copper), by which sufficient uniformity of 


temperature along the spring throughout the mainly effective por- 
tion of its length and up to near the sighted end, shall be secured. 
The water jacket will secure a slight enough variation of tempera- 
ture to allow the absolute temperature to be indicated by the ther- 


mometer with, I believe, the required accuracy, 


2. Measurements of the Electro-Motive Force of a Constant — 
Voltaic Cell with Moving Plates. By A. P. Laurie, © 
B. A. 


3. Note on the Formation of the Hectocotylus in Rossia. 
| By W. E. Hoyle, M.A. 


4, On some Definite Integrals. By Professor Tait. 


5. On Alterations in the Electric Conducting Power of 
Alloys at their Melting Point. By Harry Rainy, M.A., 
R. D. Clarkson, BSc. (Plate XX VI.) | 


The electric conductivity of metals has been observed to change 
very greatly at their melting point, the resistance being in many 
cases nearly doubled when the metal is fused. The experiments 
recorded in- the following communication originated in an attempt 
to investigate more fully into this fact. The metals chosen for the 
first. observations were tin and lead, both of which have their meit- 
ing points at temperatures that can be readily obtained. 

At first we endeavoured to take the resistance, at various tem- 
peratures, of a-column of metal having a definite cross section and 
length, by means of a Wheatstone’s bridge. For this purpose glass 
tubes were employed, which were placed horizontally in a hot-air 
bath, where they could be raised to a temperature considerably above 
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the melting point of the metals experimented upon. The length of 
these tubes was 60 cm., the diameter of the bore 3 mm., and the © 
ends of the tubes which were bent upwards for a length of about 

5 cm. terminated in small cups, into which the wires connecting the 


— column of metal with the Wheatstone’s bridge dipped. 


When the tube had been raised to a temperature above that at 
which the metal melted, the latter was poured into it from a crucible - 
in which it had been fused, and the resistance was observed from — 
time to time as the whole gradually cooled down. The results thus 
obtained were, however, unsatisfactory, and varied from one experi- 
ment to another. It was found to be very difficult to keep a tube 
of the length employed heated equally at all points when the tem- 
perature was high, and in addition to this, the tubes could seldom 
be used for a second experiment, as they almost invariably cracked 
when an attempt was made to remelt the metal. After various 
modifications had been unsuccessfully tried, this form of apparatus 
was. abandoned, and a new method was adopted, which has been 
employed in all the rest of the experiments. | 

A small trough of highly baked stoneware, 10 em: lon g, 1 cm. 
broad, and 1 cm. deep, was placed on a sheet of thin iron plate and 
heated by a powerful gas flame. In this trough the metal was 
melted, and then wires were dipped into it,—one at each end, 
These wires were connected with a Leclanché cell, and thus the cir- 


cuit was completed through the melted metal. A shunt circuit was 


formed by a wire whose ends dipped into the metal in the trough, 


so that the current was divided; part passing through the metal, 


and part through the shunt circuit, in which a reflecting galvano- © 
meter was placed. In the battery circuit a resistance of about 2°5 
ohms was inserted, so that the melted metal formed a very small 
portion of the total resistance of this circuit. Hence the intensity 


of the current passing was practically the same whether the metal in 


the trough were melted or solid. The resistance of the shunt circuit, 
including the galvanometer, was somewhat more than 11 ohms ; any 
change, therefore, of the resistance of this circuit, due to heating of 
the wires where they entered the trough, might be neglected as com- 
pared with the total resistance of the galvanometer circuit. 

Under these conditions the resistance of the metal in the trough 
was proportional to the current in the shunt circuit. 
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The observations were made in the following manner:—A key 
was introduced into the battery circuit, and as the melted metal 
gradually cooled down, this key was depressed at regular intervals 
of thirty seconds, and the deflection of the galvanometer noted. In 
most of the experiments the temperature was taken at the same 
time by means of a copper-iron thermo-electric junction which had. 
been previously tested, and of which one junction was inserted into 
the melted metal, while the other was kept at a constant tempera- 
ture. | 

The results of experiments conducted in this manner on tin and — 
lead are given in a table at the end of this communication, and 
indicate a very sudden and considerable alteration in the conduc- 
tivity of these metals at their melting points. It may be mentioned 
that the tin employed in the experiments was commercial grain tin ; 
the lead was in the form of assay foil. 

Soon after commencing these experiments it occurred to us to 
employ Rose’s fusible metal, in consequence of the ease with which 
it can be melted. The result which we obtained was, to us, quite 
unexpected ; for the resistance, instead of becoming suddenly about 
half its former amount as the metal solidified, descended to its lower 
value by three successive falls. The experiment when repeated 
_ gave the same result. | 

We therefore resolved to investigate further into the matter, and 
proceeded to form alloys of lead and tin. To make sure that, if the 
game appearance should present itself in these alloys, it might be 
referred to some property of the alloy, the conductivity of specimens 
of the lead and tin used in making them up was tested; in every case 
the resistance altered by a single change from its one value to 
the other. | | 

The alloys were made by melting the proper amounts of lead and 
_ tin in a ladle or in a crucible, sometimes a flux was added, and a 
considerable number of specimens of each alloy was made, that the 
results given by any one specimen might be checked by those ob- 
_ tained from the others. In the two alloys of tin and lead which 
were employed, the metals were fused together in quantities which 
were simple multiples of their atomic weights; but this is not 
~ necessarily the only manner in which the metals may be mixed in 
order to form an alloy. This is well brought out in a paper by 
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Professor F. Guthrie on Eutexia,* which appears to have important 
relations to the phenomena recorded in this communication. 

The first alloy tested was SnPb,. The change in resistance in 
this case took place by two distinct falls with a space between 


them where the resistance changed very much less rapidly. This 


experiment was repeated several times, and the same result was 
always obtained. 

The next alloy tested was Sn,Pb. In this case the dees of 
resistance was effected by a single fall, asin the case of a simple 


metal ; repeated experiments failed to show any break in the — 


sudden alteration of conductivity. 
The authors were led to employ these two alloys in consequence 
of some observations made by Rudberg,+ who states that the alloy 


Sn,Pb has one solidifying point, but that the others exhibit a 


higher one also, which in the case of SnPb, is very far. above the 


lower one, The temperatures given by him do not exactly corre- 


spond with those at which the dips appear in the conductivity curves, 
but these temperatures do not profess to any great accuracy, for the 
object was in this case rather to determine the change of tempera- 
ture from observation to observation, than to give the absolute 
a temperature of the alloy at any observation. — 

One alloy of zinc and lead (ZnPb) has also been tried. It 


gives evidence of a break in the alteration of conductivity, but 


a sufficient number of observations has not been made upon it % 
justify any great dependence on this result. 


The conclusion which these facts would seem to indicate, — 


although it is premature as yet to adopt it as established, is that 
there is a definite alloy, corresponding to Professor Guthrie’s 
“ Eutectic Alloy,” from which the other constituents separate out 
and solidify, giving rise to the first fall in resistance as the metal 
cools, and that afterwards, when the eutectic alloy itself solidifies, 
the second fall occurs. A point of great importance in this connec- 
tion is brought out by a comparison of figs. 4 and 5. In the 
alloy SnPb, the second fall in resistance occurs at the same 


temperature as the whole fall in the (eutectic) alloy Sn,Pb. The © 


* On Eutexia,” Phil. Mag., vol. xvii. 5th series, 1884, 
+ Quoted in Gmelin’s Handbook of Chemistry, vol. v. p. 180, Engl. transl. 
by Henry Watts, in the Cavendish Soc. Works. 
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first fall would then be naturally explained by the solidification 
of the excess of lead contained in this alloy over that required 
to form the eutectic alloy. This solidification of the lead takes 
place at a temperature lower than its ordinary melting point, a 
result doubtless in some way connected with its being mixed with 
the alloy. If three constituents are present, as in fusible metal, 
the whole of one and part of the remaining two may combine to 
form a tri-eutectic alloy, then all that remains of one of the two: 
still free may form an eutectic alloy with part of the other metal ; 
and lastly, there would be a residue of the final metal which was ~ 
not wholly used up in these combinations. This would lead toa 
curve with three successive falls, which is exactly what we find. in 
fusible metal. But, as we have already said, it is still premature 
to form a judgment upon the merits of this theory, especially as 
we hope, at no distant time, to be able to bring forward many 
additional facts, which may materially aid in the formation of a — 
_conclusion for or against the suggestions offered above. 

It should, perhaps, be mentioned that Dr Matthiessen made 
experiments on fusible metal about twenty years ago,* but 
apparently failed to observe the nature of the alteration of 
resistance. This may have been due to the fact that the form of 
apparatus he employed was not so suitable for detecting the 
‘character of the alteration. 

The authors, in concluding this account, desire to express their 
thanks to Mr D. Callander for his kind assistance in - taking the 
temperature observations. 

A few words may be added in nese of the accompanying 
tables and diagrams, 

In tables I. and II. are recorded the iii on lead and tin. 
Table IIT. gives observations on fusible metal, table IV. on the alloy 

SnPb,, and table V. on Sn,Pb. 

In the experiments on lead and fusible metal the deflections 
and times alone are given, as the thermo-electric apparatus was not 
adjusted for reading temperatures so high and so low, respectively, 
_as those at which these metals melt. In the other tables the first 
column records the time at which each observation was made, 
reckoned in seconds from the commencement of the experiment ; 

* Phil, Mag., vol. xiii. 4th series, p. 90. 


of Edinburgh, Session 1885-86. | 691 


the next column gives the temperature of the alloy at that instant ; 
and the last column gives the deflection reading on the scale of 
the galvanometer; which, as the angle was always very small, is 
approximately enough proportional to the current in the galvano- 
meter circuit, and therefore to the resistance of the alloy. 

At first the alloy was always somewhat above its melting point, 
and the observations were continued for a short time after the alloy 
appeared to be perfectly solid. 

Fig. 1 isa diagram to illustrate the arrangement of the circuit 
in the experiments with the trough. 5B represents the Leclanché 
cell, R, the resistance inserted in the battery circuit, K the key in 
the same, T the trough, G the galvanometer inserted in the shunt 
circuit taken from two points in the trough, and R, the resistance | 
inserted in this circuit. 

Fig. 2 represents the relation between the resistance and temper- 
ature of tin as it solidifies. The resistances are measured along — 
OR, and the temperatures along OT; these become lower as they 
recede from the point O. 

Fig. 3 shows the same for fusible metal, except that in this case 
time, not temperature, is measured along OT. | 

Fig. 4 gives the curve for the alloy SnPb,, and fig. 5 for Sn,Pb, 
resistance being measured along OR, and temperature along OT. 

- ‘The points on these curves at which observations were taken are 
marked by small crosses. As these observations were made at 
regular intervals of 30 seconds, the projection of these points on 
the temperature axis in figs. 2, 4, and 5, indicate the rate at 
which the temperature of the cooling alloy changed. The more 
closely these projections are crowded together the more slowly does 
the temperature change; and it will be observed that it is at the 
very points where the falls in resistance occur that this takes 
place. This gives additional corroboration to the accuracy of the 
observations. 

These experiments have been performed in the Physical Labora- 
tory of the Edinburgh University, through the kindness of Professor 
Tait, to whom, and to Professor Chrystal, at whose suggestion the 
subject was originally untertaken, the authors are deeply indebted 
for valuable advice. | 
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TABLE I. —Lead. 


Time in Seconds. Deflection. 
0 22°4 
30 22°0 
60 22°0 
| 20°0 
120 13°3 
150 10°2 
180 10°1 
210 9°8 
240 9°7 
270 9°8 
TaBLE II.—Tin. 
Time in Seconds. Temperature. Deflection. 
| 0 260° C. 5°3 
30 
60 226°. 4°9 
90 215° 4°6 
120 214° 4°6 
150 212° 4°0 
180 211° 4°() 
210 2°7 
240 184° 2°6 


IIJ.—Fusible Metal. 


Time in Seconds, Deflection. 
0 33°5 
30 
60 
90 30°5 
28°7 
150 28°5 
180 27°5 
210 25°0 
240 23°5 
270 21°5 
300 20°0 
330. 19°8 
360 19°4 
390 18°8 
420 17°5 
450 17°5 
480 17°5 
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Taste 1V.—Alloy SnPb,. 

Time in Seconds. Temperature. Deflection. 
0 247° C. 8°9 
30 242° 9°1 
60 7°3 
90 5°7 
120 318° 5°7 
150 203° 5°3 
180 
176° 5°1 
240. 170° 5:0 
270... 4°0 
300 156° 4°] 
— 330 146° 4°0 
360 137° 4°] 
130? 4°1 


V.—Alloy Sn,Pb. 


Tim? in Seconds. Temperature. — Deflection. 
0 | 198° C, 6°8 
30 | 188° 6°6 
60 180° 6°3 
90 3 170° 6°5 
120 170° 5°8 
150 
180 168° 
210 165° 3°4 
240 150° 3°1 
270 140° 2°9 
300 2°8 
330. 121° 


6. Examples upon the Reading of the Circle or Circles of a 
Knot. By the Rev. Thomas P. Kirkman, M.A., F.R.S. 


How this reading is to be done is well known; but it may be 
useful to have more examples. Consider the two following circles 
of two unifilars each of fourteen crossings— 


aFbdcAdbeGfEgcAf BDCaDBEgfeGC, 
afbDcAdGeCfbgEAFBdCaDgEcF BCe, 


which are the simplest possible that have their janal symmetries. 
I wish to show that the knots are completely given by their circles, 
as are also their symmetries. | 


letters. There is then another 6-gon aDBEgF in the knot. 
this within the base, a remote from A, D from d, &c., so that the 
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In the circle of an unifilar every crossing is twice read, once in 
an odd and once in an even place, the thread passing alternately 
over and under itself at successive crossings. The only duads that 
occur twice are edges of 2-gons. The first knot has six 2-gons, 


bd, BD, cA, Ca, eG, Eg. At the 2-gon bd the thread Fodc passes 


over and under ebdA; and ..Fbde.. and ..ebdA.. are meshes 
collateral with the 2-gon bd. Wetake..ebdA.. fora base on which 
to project the first knot, observing that as Fe and Fd are edges, Foe is 
a triangle collateral with our base ..ebdA... At the 2-gon eG, 


beGf passes over and under FeGC, and . . beG/. . is a mesh collateral 


with eG. As be cannot be in three meshes, our base is .. AdbeGf.., 
and since fA is an edge, this base is the 6-gon AdbeGf. The first 
circle is unaltered by exchanging throughout capital and small 


Draw 


meshes AdbeGf and aDBEgF are read in the same direction round ; 
and make the 2-gons db, DB, Eg, eG. There are two other 2-gons 
to construct. From c near A and C near a, between the 6-gons, 
draw 2-gons Ac and aC. Our fourteen summits are properly pro- 


jected, and we complete the projection by drawing the edges Fd, 


FB, Fe, fE, CG, cg, CD, ed. 

It is evident that on this first knot in space every feature, edge, 
crossing or mesh, is diametrically opposite to a similar feature. 
There is no zonal trace, at every point of which the configurations 
on the right and left reflect each other; nor is there a diameter 
about which in revolution a configuration is repeated; that is, two 
opposite eyes in every diameter read round exactly the same asym- 


_ metric sequence; but this only when one reads with, and the other 


against, his watch. The opposite configurations are in every diameter 


asymmetric and contrajanal, and the knot is a contrajanal anaxine 


knot, on which a zonal trace is impossible. About a janal axis — 


proper, zoned or zoneless, opposite observers read round like con- 
figurations when each reads with his watch. This first knot is a 


-contrajanal anaxine subsolid, 2.¢., one admitting section through no 


two points only, but through the crossings of a 2-gon. There are 
contrajanal anaxine wnsolids, te, admitting linear section not 


through the two crossings of a 2-gon, which have 12 or 10 crossings 
only. 
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“The second knot has four 2-ons, fb, FB, Ge, gE. At fb 
..afoD.., ..Cfbg.. are meshes collateral with it; and as 0D and 
gD are ‘iii, Dog is a triangle collateral with .. Cfbg.. which we 
choose for our base. The 2-gon gE is collateral with .. bgEKa.. and 
..DgEc... Since bg cannot be in three meshes, ..Cfbg.. is 
.. bgEa.., and our base is .. CfbgEa... As DC and Da are edges, — 
this base is the 7-gon DCfbgEa. Inside this, with d remote from 
D, c from C, &c., we have to draw the heptagon deFBGeA, and we 
complete the projection by the edges af, AF, 0D, Bd, bg, BG, cE, © 
Ce, cA, Ca, and by making the 2-gons Ge, gE, fb, FB. There is a 
zonal trace across the epizonal edges bg and BG, and the mid-points 
of the identical zoneless polar edges ac and AC, are the poles of a . 
zoneless 2-ple contrajanal axis, about which in revolution there is a 
2-ple repetition. We have constructed a 2-ple monaxine monozone 
subsolid knot. There are 2-ple monaxine monozone unsolid knots 
that have 12, 10, and 8 crossings only. | 
 Thel 2-filar knot of 180 whose circles under written 
completely define it, has a zoneless symmetry of the highest possible 
- complexity, and is the simplest knot of that symmetry that can be 
formed, Required its meshes and its symmetry. 


abea,b fghif Jijkla, b,,lmnpagb 3D 


No duad is found twice in the circles, except the pair of crossings — 
of a 2-gon, which is read twice, as ab. Every crossing s occurs 


; 

‘ 

i 
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twice, either in one or in two circles, and is read central in two 
triplets asB, a’sB’. The four angles about s.are asa’ opposite to 


BeB’, and asf’ opposite to Bsa’. The crossing z occurs in cireles ] 
and 4 in the triplets mnp and mnc,: its angles are 


mnm opposite pnc., and opposite prin, 


whee the edges mn in the triplets are the two edges of a 2-gon mn. 
As mc, 18 an ged as well as mn and nc,, c,mn is a triangular mesh, 


and K = ...isa mesh not triangular. Both are collateral with 
the 2-gon mm. 


The crossing p is read in two triplets, npa, and bp, of the first 
circle: its angles are 


npb, opposite a,pa, and npa opposite b,pa. 
The angles c,np (1) and npb, are in the mesh .. cnpb,..=L, which 


since 6,¢, is an edge in circle 4, is the 4-gon cznpb,=L. Also the 
angles mnp (1) and npa (2) are in the mesh K=.. mnpa. ‘ which 


is collateral with the 2-gon mn and with the 4-gon - L. 
The crossing a, occurs in the circles 1 and 4 in pazb, and pdb., 


where the two edges a,b, are different. Its angles are 


opposite b,4,b, and opposite 


Here pa,p, and a,pa (2) are angles of the mesh M=... apa, es 3 
At a in pad and bac, in circles 1 and 2 the angles are 


pab opposite bac, and pac, opposite bab. 


Here c,ap; apa, (3), and (3); are angles in M==.. CAPA, 
which, since d,c, and d,p, are edges in circles 2 and 4, is the 6-gon 


_M=d,c,apa,p, The angle pab is inthe face K=...mnpab..., 
which is collateral with the 2-gon mn, the 4-gon L, the 6-gon M, 


and the 2-gon ab. 
If now we repeat at the four like-posited triplets of the first circle, 


‘ca,d, Uj, la,;m, what we have done at the triplet pa,a, we 


shall a the demonstration that our 15-gonal base 
K= abedefghijklmnp 


~ is collateral with five 2-gons, five 4-gons, and five 6-gons. And 


such a 15-gon will be found in the same way from each of the 
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12 circles. Each 15-gon is of zoneless 5-ple repetition, whose 
collaterals are the meshes 246... five times written, showing a 
zoneless repetition. 

‘The knot must be the zoneless hexarchaxine G = 15126 20430360260, 
i.e., of twelve 15-gons, twenty 6-gons, &. It has six principal 
5-ple axes, ten secondary 3-ple axes, and fifteen 2-ple tertiary axes, 
all the axes zoneless-janal. The triangles and 2-gons are all 
asymmetrical and all alike. | | 

To construct the knot G. Cut away the summits of the hexarch- 
axine 512, and make what remains of the edges into thirty 2-gons. 
You have the zoned hexarchaxine knot F=10!2320230 Each | 
triangle abe of F is collateral with three 10-gons, A, B, and C. 
At « in A on the left of b, compiete by the 2-gon By the small 
triangle aBy, and at 6 in B and ¢ in C complete by 2-gons the 


triangles bya and cBa. Do the like at each of the twenty triangles 


of F, operating in the same direction round each. Thus G is con- 
structed. 
It is easy in like manner to form upon the regular 20-edron 
hexarchaxine knots, both zoned and zoneless, on the 4-edron such 
tetrarchaxine, and on the cube or its reciprocal such triarchaxine 
knots. 

The following examples of knot-symmetry, poe not yet 
noticed, may be found useful :-— 

1, 67543824, 2-ple monaxine contrajanal, a bifilar of 16 crossings, 
whose circles are 


1 fedy54234896790cbac ; 
ldeoab87 6532. 


The contrajanal poles are the 6-gons 1248bc, and 90«756, whose 
zoneless axis is the only contrajanal diameter. 

2. 975931225, 3-ple monaxine contrajanal, a bifilar of 24 crossings, 
with the circles 


f3hg34decd05ba56897 811 mn ; 
2hgfec4ba097 6mnljk. 


The 3-ple contrajanal poles are the 9-gons 


12h34056m, and 890defigl. 


| 
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3. 976349362, 3-ple monaxine monozone 6-filar of 24 crossings, 


Lkj16782h8 ; 29alma3pn3 ; dedd4befge ; 
k29h2j ; e67 9fd. 


The conal trace crosses 12 faces, 2446 2446 2446, and the contra- 
janal polar faces are zoneless 3-ple 9-gons. 


4. 8662312212 3.2oned monarchaxine homozone, a bifilar of 30° 
crossings, with the circles 


lecde ; 
abdcbihfghijmljnpqrpntvuta987 9. 


- The 3-zoned poles are the 6-gons 123456, abijnt. Six like 2-ple 
8-gons, lecba976, &c., terminate the three identical contrajanal © 
axes, | 


(12)6649312212, 3-pnle zoneless monarchaxine janal, 36 
crossings with the six circles, 


12rlbedeBdpg ; 2rnpgnms34t3 ; ; 
8x7 ; Sxhvwhgy90z9 ; OzfgufeBabed. 


The principal poles are the 3-ple 12- “sons, 1234567890ab and 
defghijklmnp. 
The six secondary 2-ple janal axes, in a plane at right angles 


to the principal axis, have for alternate zoneless poles, six 6-gons 
and six 4-gons, | | 


PRIVATE BUSINESS. 


_ Sir William Thomson proposed the motion of which he had given 

notice, viz. :—‘‘ That henceforth the Meetings of the Royal Rociehy | 

be held in the afternoon instead of at 8 p.m.” 

A letter from Mr Murray was read by the Secretary. In this 

_ letter Mr Murray apologised for his absence, and recommended 
“That the Meetings should be held alternately at 4 o’clock and at 

8 o'clock.” 

Mr T. H. Cockburn Hood proposed as a ieaeaal amendment— 
‘‘That the first Meeting in each month take place at 2 o'clock, an 


that Papers upon Geology, Meteorology, and Zoology be read at said 
Meetings.” 


On the suggestion of the Secretary, it was decided to remit to the | 


i 

| 

i 

ii 

| 
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Council to ascertain the individual opinions of the Fellows of the 
Society on the whole question of the hour of meeting of the Society, 


and to communicate the result to the Annual Meeting. 


Monday, 3rd May 1886. 
ROBERT GRAY, Esgq., Vice-President, in the Chair. 
The following Communications were read :— 


1. Notes on the Wamads Tribe of Central Africa. By 
Robert W. Felkin, MD., F. RGS., Fellow of the An- 


thropological Societies of London and Berlin, &c. 
(Plate XX VIT.) 


The paper which I have the honour of presenting to you to-night. 
is similar in construction to those I have previously brought under 
your notice on the For and Madi Tribes. i 

' The Waganda are very different from the tribes further north, 
and a description of them will I think aptly illustrate the very 


_ marked contrasts presented by the various Central African Tribes. 


As in the former papers, I have written from notes of my own 
observations made when in the country, and from information 


supplied to me by people of the tribe. While I do not give any- 


thing that has not formed the subject of my personal investigation, 
it is yet impossible to avoid mentioning matters and details which 
have been more or less touched on by other travellers. 

Uganda occupies a position to the north, north-west, and west of 
the Victoria Nyanza. It is bounded on the north by the Ist 
degree of North latitude, on the south by the Kitangule River, on 
the east by the Nile, and on the west by the 31st degree of East 
longitude. The country is divided into three provinces—Uddu in 
the south, Singo in the west, and Changwe in the east ; and to this 
latter province must be reckoned about 400 islands, called by the 
collective name of Sesse. 

The western frontier of the country is very ill-defined, and may 

be found to extend considerably beyond the limit here assigned to 


| 

| 

| 
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it. The equator, as will be seen from a glance at the map, divides 
the country into two almost equal parts. | 

Physical Features of the Country.—The physical features of 
Uganda are very varied, and give a distinct character to the different 
districts. The country bordering the lake and for some distance 
inland is. mountainous, especially in the north-west, where parallel 
low mountain chains are found. The general elevation of the hills 


above their valleys is about 400 feet, and in the marshy valleys 
between them sluggish streams make their way to the Nyanza. All 


the hills are covered with splendid timber and abundant underwood. 
Further inland the valleys widen and the hills gradually decrease in 


size, until at the northern border the country becomes a plain, 
intersected at long intervals by large rush drains, and covered with 


open forest or rank grass jungle. The eastern part of Uganda, 
between Rubaga and the Nile, consists of undulating country — 
by deep narrow valleys. 
Geology.—The formation of the rocks i is volcanic or metamorphic. 
The upper strata of land, for the depth of 2 or 3 feet, is a rich black 


alluvial soil, under which is a bed of red sandy clay averaging about — 


30 feet in thickness, and lower still in many places is a layer of 
tolerably pure porcelain earth. Large masses of mica are found, 
and at the outcrop of the metamorphic rocks crystals may 
frequently be seen. Ironstone is also found in rather large 


- quantities, but as far as is known no other metals are to be obtained. 


Climate.—The climate is remarkably mild, and the temperature 
very uniform throughout the year. The extreme variations are 
50° F. minimum (extremely rare) and 90° F. maximum. The 
rainfall is about 50 inches, and the atmosphere is very humid. 
There are two periods of maximum rainfall—March, April, and 


May, and September, October, and November. During these 


months rain falls nearly every day, often accompanied by thunder. 
Population.—The total population of Uganda is about 5 millions. 
It is principally composed of the Waganda who inhabit the main- 
land north of the Victoria Nyanza, and the Wasesse who inhabit 
the islands. These two tribes are of the same stock, the difference 
in name only denoting the districts in which they dwell. They are 
pure negroes, of dark chocolate coloured skin (Broca’s Table, No. 
35-43). Colour of eyes, Broca’s Table, 35. The men are tall, well- 
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2. 3. 4. 5. 
e* Height from ground to vertex, 1610 | 1768 | 1682 | 1568 | 1620 
| 2. Greatest length of head from glabella | : 
backwards, 188 189 | 194] 194 
3. Greatest breadth above ears, 1382 | 188 | 142} 144] 141 
| 4. Length of face from root of nose to ‘lower | 
border of chin, . 130 | 181] 117; 117; 122 
5. ~ of face from one foremost lower 
dge of cheek-bone to the other, 1138 | 103; 104] 109| 111 
6. Biea th from one angle of lower jaw to 
the other, . aon” 93} 100} 93] 105] 100 
7. Greatest breadth of zygomata, 140] 134 
8. “a of nose from root to the point | 
ere the septum joins the upper lip, 60 61 47 9/74] 58 
| 9. Height of head from chin to vertex, 226} 229) 225) 233) 216 
10. Length of neck from upper ede of 
‘*Pomum Adami” to sternal notch, ha 
11. Length of body from sternal — ‘to 
upper edge of pubes, . 540 | 547 | 560| 486] 546 
12. Height of navel from ground, 959 | 1044 | 1080 | 902] 966 
13. Height of up. edge of pubes from ground, 794 | 886] 839! 798} 784 
14. Height of head from meatus auditorius | 
to vertex, | 131 | 142} 124] 1241] 195 
15. Distance between the two ears (top. of 
meatus auditorius), 131 | 127} 1383] 125] 121 
16. Upper breadth of nose (from one canthus i 
to the other), 281: 26) 321. $8 
17. Lower breadth of nose, . 43 42 42 42 43 | 
18. Length of nose from root to point, | 57: | 56 52 52 56 
19. Breadth of mouth, . 82 54 5 54 47 
20. Distance of root of nose, middle line, to 3 
meatus auditorius, 118 | 121]; 129] 115] 196 
21. Distance to junction of nose with lip from 
same place, 120 | 128} 1383] 120] 119 
22. Distance to middle of upper lip from | 
place, 130 | 183 | 147] 185] 135 
23. Distance of chin, middle line, lower edge, 7 | 
| from same place, : 116 | 180} 132] 1233] 130 
24. Greatest circumf. of head from glahella, 557 | 554] 5561 585] 560 
25. Arc from tragus to tragus, over the head, | 365] 361 | 340] 3856] 330 
26. Circumf. of chest just above mamme, .| 780 | 830] 830] 8201! 
27. Distance between nipples, . 199 | 189| 182] 170] 175 
28. Breadth of shoulders, across the back, 425 | 430} 400] 375] 415 
29. Circumference of waist at navel, . 740 | 740) 710} 6501] 645 
30. Breadth of haunches, . .| 241 | 281) 278] 243] 950 
31. Length of arm from shoulder to tip of | 
__ middle finger (arm outstretched), 600) 750; 692] 715 
32. Length of upper arm from shoulder to 
condylus externus ossis humeri, . 290 | 335 | 320] 300] 296 
33. Length of lower arm from olecranon to | | 
end of ulna, 280 | 310 | 285] 275 | 277 
34, Length of hand from wrist-joint to tip 
of middle finger, 180} 190! 210} 190] 180 
35. Length of le °F from trochanter major to 
the groun | 910] 9423) 900] 8501 s63 
36. Length of thigh from trochanter major | 
| to condylus externus ossis femoris, 465 4380 | 415] 410] 393 
37. Length of leg from articulation of knee 
to malleolus externus, lower edge, 880] 445 | 3875] 411 
38. Length of foot(os calcis totip ofgreattoe), | 228 | 263 | 244 | 245) 246 
39. Arc from notch at root of nose to inion 
overthe head, .. 320 | 340) 3816] 344] 340 


Graduated measure used for Nos. 1, 11-13. 
Jointed measure used for Nos. 2, 3, °9, 14, 


Calipers used for Nos. 4-8, 10, 15-17, 19-23, 27, 30. 
Measuring-tape used for Nos. 18, 24, "25, 26, 28, 29, 31-38, 


| 


702 Proceedings of the Royal Society 


built, and have good features, and the women in their youth are 
good-looking, with small delicately formed hands and feet. It is 
of this tribe that my paper treats. I shall not touch upon the 
- Wanyambo who live in Uddu and Karagwe, or the Wasoga who 
live to the east of the Nile, but it will be necessary to mention a 
small tribe, the Wahuma, who inhabit scattered villages throughout 
the whole of Uganda. They number between 40,000 and 50,000. 
They are probably descended from the original inhabitants of 
_ Abyssinia, and there is no doubt that the ancestors of the reigning 
family of Uganda were Wahuma. 

In order to give an idea of the form and size of the Waganda, I 


give the measurements of five men. The numbers correspond to 
Virchow’s Table (p. 701). 


Table of Principal Indices. 


Facial Indices. 
Number. | Cephalic Index. | Nasal Index. 3 | 
| A. C. 
1. 702 717 1150 1398 1140 
2. 730 1272 1310 1110 
3. 728 894 1125 1258 
4, 742 730 1070 1114 907 
5. 727 811 | 1099 1220 910 
Averages. 
Faclal Indices. 


A. B. 


mm. | 
1-5 | Waganda_ 5. | 1649°6 | 72°6 76°8 | 1143 | 126°0 | 98:1 


Notes on People Measured.—l. Kanjambo, a Mganda. Age, 
about 26; birthplace, Mukuno; skin, dark brown with reddish- 
yellow ground; iris, deep dark brown ; conjunctive, light yellow, 
with orange-coloured spots; hair short, curly, black, dull; very 
scanty beard ; body very well nourished. 

2. Mukuango, a Mganda. Age 48-50; skin rather lighter 
than 1 ; badly nourished ; no fat; little muscle. 

3. Kikonja, a Mganda. about 25; skin, bistre 
iris, deep brown ; conjunctive nearly white, having a slight yellow 
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tinge ; head shaved ; a few black hairs on upper lip; pretty well 
nourished ; pock-marked ; second toe on foot a little longer than 
first ; birthplace, Buriaki. | | 

4, Kitasmibo, a Mganda. Age, about 23; skin dirty senna 
brown ; hair short, curly, black, dull; few hairs on upper lip; 
pock-marked ; birthplace, Dunuga. 


5. Kibata,a Mganda. Age, 44; skin nearly sepia-brown ; lips 


a little darker ; iris, deep dark ei; conjunctive, dirty yellow ; 
hair black, short, curly, dull; a few hairs on upper lip, black, 
curly, bright ; ears small, with small lobes, lying well back ; nails 
light ; body fairly well nourished, not very muscular. 
_ The palms of hands and soles of feet of all the Waganda are a 
lighter shade than the skin ; their teeth are all good, none ex- 
tracted. 

Anatomy and Physiology.—The temperature taken in the axilla 


for five minutes, the subjects being at rest. in the shade, at about 
9 a.m., aver.ged 97°6 F. (150 observations taken). Respirations 


under like conditions averaged 16, pulse 68. | 
_ The Waganda do not bear cold very well. They usually iin 
up a fire in their huts during the cold nights, and in the early 


mornings they are always to be seen sitting near a good fire. The 


sun seems to have no untoward effect upon them, and they do not 
use any protection for their heads. They are hardy, and bear 
privation well. Their muscles are decidedly red in colour, and the 


fat has a slight yellow tinge. The mucous membrane of the 
- mouth is highly stained with pigment. The skin is velvety to the 
touch, this feeling being due to natural secretion and not to the 


application of grease. They do not perspire much. I noticed no 

peculiarity in their teeth. The voice is melodious and rather deep. 
Pathology.—My residence in Uganda was not sufficiently long to 

enable me to give any exhaustive account of this subject. I must 


not, however, pass it over without some few remarks. 


Phthisis is not. very prevalent in Uganda, but I saw some eighteen 


or twenty well-marked cases, It is recognised by the natives as 
an incurable disease. It is treated by the actual cautery applied to 
the chest walls, by cupping, and also by decoctions of various 


roots to relieve the cough. Cows’ horns are used in place of 
cupping glasses. 


; 
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Small-pox occurs in epidemics, and is very fatal. It is rare 
to find persons pitted, for very few survive an attack, The > 
disease travels from east to west, and according to native tradition 
it first made its appearance after the arrival of a caravan from 
Unyanyembe. Persons attacked by it are to a certain extent 
isolated ; they are placed ina small hut in which a large fire is 
burning ;,no meat is given them, and the pustules are opened by a | 
thorn, the body being often smeared by butter or oil. This 


disease has caused so much ravage in the country, that at last the 


people have connected it with a deity supposed to reside at the top 
of Mount Gambaragara, and in times of epidemic oderiings. are made ; 
in the hope of staying the scourge. } 

Toothache does not occur, at least I never heard of a case ; but 
sciatica and lumbago are fairly common. Treatment for these 
disorders is the application of a red-hot iron, which is usually 
attended by good results. Cholera has visited Uganda on several 
occasions, but diarrhoea and dysentery are not very common. <A 
good number of the people suffer from bronchitis, and rheumatism 
very frequently attacks them. | 

With regard to malarial fever, those natives who are fairly 
stationary in one district suffer comparatively little, and from but 
slight attacks of ague, but after removing to a new district much 
severer attacks are experienced. It is frequently observed that after 
war, a number of men are struck down by severe malarial fever. 
The Waganda have several medicines for treating this disease; all 
cause profuse perspiration. It was impossible for me to ascertain 
the nature of. these drugs, as the medicine-men regarded me with 
jealous eyes, and absolutely refused to satisfy my curiosity. On 
several occasions, when the king told them to show me the various 


drugs they used, they tried to mislead me by producing valueless 


specimens. 

Ophthalmia is not very common, although cases do at times occur. 
Blindness is very rare; I only heard of one blind man. 

Neither are skin diseases very common; I saw a few cases of 
eczema, and no doubt leprosy at times occurs; the people much 
dread it, and recognise its hereditary character. It is very common 


to see people covered by boils. Local applications of chewed roots 
are made for them. | 
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Epilepsy is fairly common, especially occurring in girls. No 
medicine is used in its treatment, and if the girls suffering from it 
marry, their father rarely receives any dowry for them. — Temporary 
insanity occurs; the fits last three or four days, and those affected 
usually retire to the jungle, returning when the fit has anes 
away ; they are rarely violent. 

Venereal diseases are very frequent, especially among the men. 


~ All varieties are seen, but it seems to have a tendency tocure. I 


saw thirty or forty cases in which the tertiary symptoms were well 


marked. The natives blame the Arabs for its introduction into the 


country. I found that, whenever the Waganda came to me saying 
that they were suffering from a snake in their insides, their complaint 
was gonorrhea. 

I may mention that all the diseases appear to be very acute, and 
there is an undoubted. tendency to inflammation ; but the people 
do not succumb readily, and appear to possess remarkable vitality. 
They bear pain exceedingly well, and I am convinced that they do 
not suffer as acutely as Europeans after an accident, although they do 
not evince quite so much sang froid as Arabs do under the knife. 

Wounds heal with remarkable rapidity, and I was much surprised 
to see how quickly the Waganda recovered after extensive burns or — 
ghastly gashes, 

There is a class of medicine-men in Vinnda, and although a good 
deal of superstition is mixed up with and many charms are used in 
the treatment of disease, they unquestionably have a remarkable 
knowledge of simples. Their knowledge, too, of the treatment of © 


fractures is very fair. They also evince considerable ingenuity in 


the application of neatly constructed splints, 

Development and Decay.—It was impossible to gain any accurate 
information as to the average or extreme length of life, but it may: 
be generally stated that few very old persons of either sex are met 
with. Puberty is arrived at early, and women cease child-bearing 
at a comparatively early age. Although I examined the teeth of 


several hundred Waganda, I never saw a case of caries. Their 


teeth are remarkably well-preserved, and even in old people they 
are little worn. If children’s teeth do not appear at the right time 
it is considered unlucky, but they are not put to death as among 
some tribes. 
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Hair.—The Waganda have short woolly hair, which appears to 
grow uniformly scattered over the skull. It is coarse and dull, and 
is not cultivated, but shaven periodically. It is customary at the 
Court for every one to have their heads shaved whenever the king 
has received a visit from his barber. Some of the Waganda have 
a little hair on their faces, and those who possess a slight 
moustache or beard are very proud of them. The hair from the | 
rest of the body is almost invariably removed, sometimes by means 
of a razor, otherwise by depilation. The women are the usual 
barbers ; they use a small sickle-shaped razor, which is sharp on its 
convex side, and they employ their own milk for lubrication. I 
saw very few grey headed people, certainly not more than a dozen. 

Colour.—I have before mentioned the colour of this tribe, and 
individuals vary very little. The children are decidedly lighter 
at birth, but at about three years of age they correspond to their 
parents. The ruling families are undoubtedly of a lighter shade, 
but this is accounted for by their origin. Here, as in other Central 
African tribes, one meets with individuals having small white 
patches due to the absence of pigment. The natives attribute 
these patches to syphilis (kabalongo), and say that the amount of 
whiteness shows the extent of the disease. Europeans, they say, 
must be in a shocking state. 

Odour.—The Waganda possess a national and odour. 
It is distinctive, but not so objectionable to Europeans as that 


_ exhaled by various other tribes. It is certainly not due to dirty 


habits or to cosmetiques. With one exception, the Waganda do 
not use any cosmetic application (see Customs). 

Motions.—The Waganda walk with a long easy swinging stride. 
The body is well balanced, the head slightly thrown back and the 
arms are permitted to swing easily. The foot is firmly planted when 
walking, and the length of stride is about 28 inches, The toes 
are slightly turned out in walking. When standing at ease they 
place one foot in advance of the other, the knees being slightly 
bent. All their attitudes are graceful and unconstrained. Their 
arms hang with the palm to the side. They are very fleet runners, 
and spring and jump in a light easy manner, their joints being very 


_ pliable, especially fingers and toes. They occupy the squatting | 
position when following the calls of nature as a rule, but on the 
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march they micturate standing. Each finger can be extended 
separately. In pointing at any object, the whole hand, the ring, 
and sometimes the middle finger are employed (see Labour). 

Physiognomy.—The faces of the Waganda are most expressive ; 

- joy, sorrow, anger, or disgust betraying themselves on the features 
immediately. They also possess the power of mimicry, and when 
delivering a message or relating an occurrence will imitate the 
tones, gestures, and expressions of the sender of the message or the 
subject of narration. Affirmation is expressed by ‘nodding the 
head vertically, negation by a lateral motion. In order to add 
emphasis both hands are used in the same way. Oe 

Physical Powers.—The Waganda are probably one of the strongest 
of Central African tribes. The men will carry loads of 100 or 120 
lbs. weight for 20 miles a day for eight or ten days without incon- 
venience, A party of Waganda senf from Rubaga to Mrooli, 92 
miles as the crow flies, went and returned in ave days, including a 
rest of half a day at. Mruli. 

_ Senses.—Sight, hearing, and smell are very acute. The army test- 
dots were counted accurately at 24 yards by fifteen Waganda. The 
sense of touch is better developed than in some other African tribes _ 

Iknow. The average least distances at which two blunted points 
of a pair of compasses could be separately distinguished by fifteen © 
Waganda were as follows :—Tip of tongue, ;1,th of an inch; tip of 
nose, $d of an inch ; upper lip, {th of an inch; palm of the hand, 

zzths of an inch ; tip of forefinger, 4th of an inch ; back of hand, 
14 inch ; dorsum of foot, 2 inches. 

—Albinos are occasionally met with; they are 
looked upon as curiosities, and several of them are retained by the 
king and the great chiefs as buffoons. Asa rule their hair is straw- 
coloured, and their skin rough and coarse and of a pinkish-white 
colour; their eyes are very weak, and they often suffer from 
ophthalmia ; they have very little power of smell. They have a bad 
repute, as they are irascible and treacherous. I could not obtain 

‘any opinion from the natives as to their origin, but they stoutly 
deny their being the offspring of brothers and sisters. One albino 
whom I personally knew was the third child of a family of four, 
the first two and the fourth being perfectly normal; this albino 
was married, and had two normal children by two different wives. 
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_ A few dwarfs may be seen about the Court; they are privileged 
nuisances; their behaviour is very indecent, but they are greatly | 
petted and indulged, and often become possessed of much wealth. 
It is very rare to find any other abnormalities, The pure Waganda 
women have a custom which is so much disliked by the men of the 
surrounding tribes that it effectually prevents intermarriage with 
them. The practice is that of forming the “ Hottentot apron.” 
The labia ‘minora are artificially elongated ; of that there can be no 
reasonable doubt, for I have failed to find any congenital deformity 
in any of the children that I examined. They are early taught 
the necessary manipulation, and, as soon as the size of the labia will 
permit, a weighted appliance is fixed to the parts to help to increase 
the hypertrophe. The longest labia I noticed extended to within 
an inch or so of the knee. The origin of this practice I failed to 
ascertain. | 
Crosses.—The only intermarriages which take place in Uganda 
are those of Waganda chiefs with Wahuma girls, and between 
Waganda and women who have been taken during slave raids. 

The first class of marriages produce decidedly superior offspring ; 
the first-born children of the second class, who are generally girls, 
are inferior, subsequent children showing an. improvement (see 
Causes that Limit Population). 

- Tattooing, §c.—Tattooing, which is so common in all surrounding 
tribes, is not practised by the Waganda; indeed, it is strictly pro- 
hibited, and the laws on the subject are very severe. To this is to 
some extent due the slight progress which Mohammedanism has 
made in the country, as circumcision is also forbidden. Any 
Mganda upon whom this operation has been performed is liable to 
be burnt to death ; indeed, a few years ago some sixty or seventy 
boys and young men upon whom some Arabs had performed the rite 
were all burnt by order of the king, Teeth are never extracted, 
and mutilations of the body, such as boring the nose or lips, are not 
allowed. | 

Dress.—With the exception of the Wanyoro, who also clothe 
themselves from head to foot, the Waganda are the only people in 
Central Africa that are clothed in a respectable manner. Strict 
laws are in vogue with regard to dress, and in the streets and public 
places every one over about five years of age is compelled to be 
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attired completely. Death is the penalty attached to the neglect 
of this law. In the harems, however, the younger women usually 
dispense with clothing altogether, or at most wear a simple string 
of beads around the waist. The national dress is mbugu, a dark 


cloth made from a species of fig (see Manufactures) The men | 


wear a strip of this material as a loin cloth, anda large flowing robe 
of the same stuff draped like a Roman toga. It passes under the 
left arm and is tied in a large knot over the right shoulder; the 
arms are free, and a girdle usually of string fastens the garment 
round the waist. The women wear loin cloths too, but they fasten 
their mbugu dress just under the armpits. Instead of or added to 
this costume the chiefs wear skin clothing, which is made either of 

a whole bullock skin or of two or three goat skins sewn together, 
orof from twenty to forty skins of the Ntalaganya, a diminutive 
antelope about the size of a hare, which has a beautifully glossy 
coat of a rich dark brown colour. Buffalo hide sandals, in shape 


like a boat, are invariably worn by the chiefs, and the Jower classes 


usually wear ox skin sandals, _ 

When going to war the men divest themselves of all their cloth- 
ing save the loin cloth, which on such occasions is usually made of 
hide, and many of them wear feather head-dresses. 


Foreign dress is gradually being introduced, and the chiefs are | 


_ by degrees discarding the mbugu in favour of Arab and Turkish 
costume. Ten years ago members of the Court alone were permitted 
to dress in foreign garb ; but of late years greater freedom has been 
on this point. 

_ The chiefs, pages, and others at Court wear atetie head-dresses 
of white or coloured pocket handkerchiefs. Some of the king’s 


bodyguard wear the fez. Away from the capital, if head-dresses are 


worn at all, they are small caps made of plaited grass, Turbans are 
very rarely seen. 

Ornaments.—The men do not as a rule overload. eneabes with 
ornaments, but they content themselves with one or two wire 
bracelets and a few charms hung round the neck by a small cord 
made out of the tail of a giraffe. The women, however, are far 
more gaily decorated ; necklaces, bracelets, waistbands, and anklets 
of beads being extensively worn. All these articles are very well 
made ; the colours are tastefully arranged, and the shapes are varied 
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and unique. Some of the bracelets and necklaces are made of 
neatly carved wooden beads of home manufacture, and many of the 
women wear suspended over one shoulder or round the waist a 
cylindrical pocket, highly ornamented with beads, in which they 


carry their tobacco, coffee berries, and odds and ends. I must not 


forget to mention that some few of the chiefs wear very well made 
finger rings of silver obtained from Maria Theresa dollars. — 
Habits and Customs.—At court and in the capital the Waganda 
stand much upon ceremony, and this is not alone confined to the 
higher classes, but extends, though in a rather less extent, throughout 
the whole nation. If two men of equal rank meet in the street, 
they slightly incline their bodies and say Kulungi, or the one may 
say Otta, to which the other replies Otidno. Sometimes also they 
grasp hands, or place the right hand on the left shoulder of their 


friend, but this is only if they intend to remain for a short conver- 
* sation. If an inferior meets a superior, he either bends forward, 
placing his hands on his knees; or if he has a stick, leans well for- 


ward supporting himself upon it; or if of very low rank, he kneels 
down, and bending forward grasps his legs with his hands, in all 
cases saying either Kuliingi s¢bbo or Otéia sébbo, which is replied to 
by EL. (Kulingi expresses “good day,” Otta, “ how are cece 
and sébbo, “ master” or “sir.”) 

A woman meeting a man bends very low before him, as salutation, 
or may even kneel, this being always the case should the man 
saluted be of high rank. If two men meet after a long absence, or 
even men and women who are relations, they take hold of each 
others’ hands, and spreading them out throw the head over first one 
shoulder and then the other, at the same time making use of the 
following dialogue :—Otia, otia; otidno, otidno; erddi, erddi ; 
nydgi, nyogt; mam, mam; which is succeeded by an indefinite 


series of ugh’s. Members of the same family meeting in the 
_ morning do not usually make any remark. Should a superior 


visit an inferior at his hut, all rise and then kneel down; but 
should inferiors visit a superior, on entering his presence they first 
kneel, and subsequently at a wave from his hand seat themselves. 
When strangers arrive at a but, it is usual for the occupants to offer 
them coffee-berries, water, and beer, and the children run for lights | 
for their pipes. Should the visit be made at a meal time the 


| 
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stranger is always invited to partake. Chiefs visiting the king 
stoop or kneel before him; he stretches out his hand, which they 
touch between both theirs, after which they place their hands on 


—_ lips. If any one receives a favour of the king he thanks him 


in a peculiar manner. He kneels down, and placing both hands 


_ together he sways his body backwards and forwards, his hands 


rising and falling on either side of his face, while he says Nyanzig 
(I thank), repeating the word and action some twenty or thirty 
times. He then suddenly falls flat on his face, and commences to 


beat the ground with his hands and cheeks, the head being rotated 


at each prostration, first one cheek and then the other touching the 
cround, the legs being vigorously kicked at the same time. At 
court it is customary if the king laughs, for every one to laugh, at the 
same time placing the hand before the mouth. If the king sneezes, 


everybody sneezes ; should the king have a cold, every one simulates 


one ; and as I have before mentioned, if the king visits his barber, 
every one does the same. Should a favour be requested by a high 
chief and granted by the king, the chief snatches up a stick, charges 


towards the king, executes a iain and meee his gratitude with 


exuberant compliments. 
On all occasions rules of presedenes are strictly enforced. 


Strangers rank next the host at social gatherings. | 
Flattery is very commonly practised, but this is less so in the 
country district than at the capital, wees an artificial polish. 


exists. 


No remarkable ceremonial vnieies obtain in Uganda, nor are 


there any ancient feasts or harvest festivals. 

Should a man meet any of the king’s wives in the street, he turns 
aside and averts his head. When at court, too, men are very careful 
not to look at the king’s women, as they might be charged with 


‘flirtation. On one occasion, one of my servants nearly lost his 


head by not knowing this rule. I had taken him up to court to 
vaccinate him in the king’s presence, and whilst I was preparing to 
do so, he commenced a mild flirtation with one of Mtesa’s wives, 
The chiefs were intensely indignant, and demanded his execution, 
but the king for once listened to my protestations, and a = laugh 
at last ended an awkward scene. 

Speaking of women, it is the custom for strangers to be provided 
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with temporary wives in Uganda. Unfortunate Europeans who 


refuse the proffered favour are despised by the men and scorned by 


the women. Mtesa used to be very sarcastic on this subject, and 
referred with great delight to Solomon’s wives. On one occasion I — 
gave great offence by refusing the munificent gift of eighteen dusky 
beauties. I suffered for it, however, by having my supplies of food 
cut short. This may perhaps be as well explained, as it will illus- 
trate another custom. The king’s women are allowed to pillage 
right and left, and Mtesa, who had got tired of supplying my 
voracious appetite, thought he saw. a way out of the difficulty by . 
providing me with a foraging party. The ladies were highly in- 
dignant at my supposed depreciation of their charms, 

The only occasion for a set speech in Uganda is when a chief or. 


_ a person of high rank receives a present. If it is small, he takes it 


in his right hand; if too heavy, he lays his hands upon it and makes 
a speech of thanks to the giver, ape the value of the present in 
exaggerated terms. 


For other customs, see ‘under various headings, such as Meals, 
Treatment of Women, &c. 

Habitations.—The first look at a Waganda village informs the 
traveller that he is in a region inhabited by a tribe very different . 
from any he has hitherto seen. If the place is of a considerable 
size, broad, clean streets are found between the various compounds. 
The groups of huts are surrounded by gardens enclosed in well- 


built wickerwork walls, made from the tall tiger-grass or sugar-cane, 


supported at intervals by a species of fig tree, which throws out a 
large crown of branches affording pleasant shade. Above these 
hedges may be seen the conical thatched roofs of I suppose the 
largest huts in Africa. Even in small villages the streets though 
narrower are well kept, and it is rare indeed to find a hut without 
a courtyard in front of it. It is remarkable also that the streets 
are straight, and that the fences are straight also instead of the 
usual circular structures seen almost everywhere else. The com- 
pounds inhabited by the principal chiefs are very large; there is 
only one door, just inside of which a small hut is erccted for the 
porter. The whole of the enclosure is divided by fences into 
gardens and courtyards, and in each yard are one or more huts. 
In about the centre of the compound stands the largest hut, which 
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is occupied by the chief. The women belonging to his harem | 
- Inhabit others beyond it, and separated from it by a strong 
hedge containing a door. The huts between the chief’s dwelling 
and the main entrance are allotted to the slaves or are used as store- 
houses, | 7 | 

The huts are. dome-shaped in form, and being thatched down 
to the ground look like huge bee-hives. The materials em- 
ployed in erecting them are the stout stems of the tall tiger-grass, 
poles made from the fig trees, and grass. They are constructed 
as follows:—A fine ring of grass, closely enveloped with the fibrous _ 
outer part of the banana stem, is laid upon the ground, and a 
number of tiger-grass stems are implanted in it and securely tied to 
it with strips of papyrus. Then a second and third ring are added 
at intervals of about 15 inches. At length when the curvature of 
the rings becomes sufficiently slight to allow of the tiger-grass stems 
_ being bent without breaking, the rings are formed of them instead 
of the fine grass employed at first, the whole umbrella-shaped frame 
being gradually raised as the work proceeds. This forms the frame- 
work for the top of the roof, and when finished it is turned over 
and raised by means of poles to its requisite position. The ground 
to be occupied by the hut is then covered with poles in parallel © 
lines but decreasing in length from the centre outwards. These 
support the roof and also form a scaffolding to enable the builders 
to complete the rafters of the roof and subsequently to thatch it. 
Long bundles of grass are now tied to the ribs to form the thatch, 
beginning from the bottom, and finally a peak, formed ofa large — 
sheaf of grass very tightly bound together, is added. The free edge 
of each layer of thatch is carefully trimmed to give it a regular 
appearance ; inside the hut wickerwork walls are constructed, the 
_ pattern in. many cases being extremely neat. 

A large door 8 or 10 feet high is cut out of the side of the hut, 
over which a neatly curved porch is erected. When this is done 
many of the poles supporting the roof are removed, and the interior 
of the hut is divided by numerous partitions of tiger-grass into 

various compartments, in the innermost of which the owner’s bed 
is constructed. The floor of the hut is level and beaten firmly by 
clubs ; the door is of wickerwork, made to slide backwards and 
forwards, and fastened behind by a bar and pins; handles are 
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placed in the middle of it, both inside and out, to move it with. No 


_ aperture is left for the smoke to escape. 


Outside the hut a bank of earth is placed all round, consolidated 
by wetting and stamping it, in order to prevent the water soaking 
into the house during the heavy rains. The floors of the huts are — 
carefully covered with soft fine grass; first a small bundle of even 


lengths is placed on the ground, another at right angles to it and 


partially overlapping it, and then a third at right angles to it, and 
soon. Some of the huts, which one might term summer-houses, are _ 
lightly built of wickerwork walls and a light thatched conical roof. 


_ The wickerwork is often composed of various coloured grasses, and 


the patterns woven are varied and chaste, The chiefs pride them- 
selves very much upon their houses, and should they find the 
slightest mistake after they are finished they have them pulled 
down and rebuilt ; the builders in such a case getting no compensa- 


A hut here and there may be seen with gable roofs and vertical 


- walls, but they have probably been copied from foreigners and do 


not need description, save that the walls are composed of three 


layers, the inner and outer ones being of wickerwork, and the middle 


one of grass some 2 feet thick. | 
Furniture.—In the larger establishments huts are provided for 
different purposes. There is first a reception hall, where the owner 


receives his guests ; next his private hut, where he sleeps, has his 


meals, and in which he keeps his greatest treasures. Then there are 
storehouses ; one for dried plantains, another for semsem seed, which 
is kept in large earthenware pots or wickerwork baskets; another 
serves the purpose of a cellar, and in it may be seen innumerable 
large bottle | gourds filled with the native drink, plantain wine, 
neatly corked with banana leaves. Another hut serves as a kitchen, 
and in it are several fireplaces constructed of three stones. People 
who only possess one hut use its various partitions for the different 
purposes just described. From the poles which support the roof 
baskets of various descriptions are hung, suspended by ropes, tied 
to the poles by a complicated clove hitch. The beds are made of 
wickerwork, and raised a foot or two from the ground ; they are 
covered by hides and Mbugu cloth. In many of the houses the 
walls are hung with Mbugu cloth, which is often dyed in various 
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patterns. The huts are remarkably clean, and on account of their 
large size one is not so much oppressed by the smoke from the fire 
_as is so usually the case in African dwellings. The only drawback 


_ to comfort is the grass carpet, which harbours an army of fleas. 


All stores of tobacco, coffee, &c., are neatly packed in banana leaves 
and tied with string. Remarkable order obtains in the huts, a 
place for everything and everything in its place being the universal 

Fire.—Fire is obtained, whenever required, by friction, one piece 

of wood being rotated by the hands in a small hole cut in a piece 
of hard wood. Wood is the only fuel used. Fire is carried from 
one place to another by means of a slow match made of Mbugu 
cloth. A glowing ember is carried from the fire to light pipes, by 
either two sticks or neatly made iron tongs. At night torches, 
composed. of strips of wood from a resinous tree, are used when 
going for any distance ; this is partly to scare away wild animals. 
_ Food.—The Waganda subsist chiefly upon a vegetable diet, and 
the banana, of which there are several varieties, is the staple food. 
The varieties have all different names; that named minvu is eaten 
raw ; nakalalulu, kibuzi, gonya, and mizunzu are the kinds used only 
for cooking. The bananas grow everywhere, and require little or no 
cultivation save pruning, which is performed by old women. The 
sweet potato is next in importance as an article of diet, and is the 
chief vegetable cultivated. The coffee tree is extensively grown— 
the berries are very small, and they are eaten whole; nearly every 
one carries about with him a smali wicker box containing dried 
coffee berries, and should he meet a friend he offers him a few berries 
as one might offer a pinch of snuff. Small quantities of the follow- 
ing plants are grown :—Sugar-cane, a kind of red spinage, casava, 
maize, sesamum, millet, tullabone, Helmia bulbifera, Colocasia 
antiquorum, several species of beans, a species of solanum, and 
two or three kinds of pumpkins. The principal edible fruits are— 
mpafu, a fruit like a damson with a very hard stone and a sweet 
nut-like kernel, and matungru, a species of amomum. 

Arab traders residing in Uganda, have introduced the cultivation 
of wheat, rice, guavas, papaws, pomegranates, tomatos, and onions, 
and their cultivation is gradually spreading among the natives. 
Radishes and Hibiscus esculentus have been introduced from Egypt. 
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Although there are a good number of fowls they are seldom eaten, 
and eggs are also rarely partaken of. 

Beef, mutton, and goat’s flesh are all eaten, but they are great 
luxuries, and can only be afforded by the well-to-do. The best 
meat by far is the goat’s flesh; when young it is tender and well 
flavoured. The beef is tough and insipid and very lean, and _ 
are very scarce. Porcupines are also eaten. _ 

Near the N yanza and in the islands of Sesse fish is largely con- 
sumed. There is a great variety, from the diminutive mukeni, 
about the size of whitebait, to the large kambari, which often weighs 
100 Ibs. Milk is used to a considerable extent; as a rule sour 
milk is preferred. Butter is made as follows :—The evening and the 
morning milk are mixed, set aside for an hour or two, and then 
shaken in gourds until the butter is formed; it is then placed in 
small baskets lined with banana leaves, Cheese is made by the curds 
being strained through a grass sieve ; they are then wrapped in a 
grass mat and placed under a heavy weight. In some parts of the 
country the people will not drink milk, as it would entail their 
having to do with cattle (see later). Locusts and ants are much 
relished ; they are generally fried. Salt is extremely scarce, and 
is considered a great luxury; it is imported from the Albert 
Nyanza. Antelopes, buffaloes, and elephants are all eaten as 
opportunity serves. Earth is occasionally eaten (see later). ; 

Cooking.—With the exception of milk and one species of banana 
all articles of food are cooked. Women usually perform all culinary 
operations save when the men are hunting or at war. ‘There are . 
no ceremonies or superstitions connected with cooking, and the food 
for both sexes is prepared together, but it is eaten separately (see 
Meals). In large establishments one or more huts are set apart as — 
kitchens, but even those families who only possess one hut cook 
indoors, probably on account of the rainy climate and the sudden 
storms. There are comparatively few cooking utensils used in the 
preparation of food. The pots employed for most purposes are 
large globular earthen vessels holding about two gallons, and 
having very wide mouths. The bananas are cooked as follows :— 
A small quantity of water being placed in the pot, sticks are 
arranged above it, upon which banana leaves are laid. The unripe 
fruit is then peeled and placed upon the leaves so that it may be 
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steamed. If meat or fish is to be cooked at the same time, young — 


banana leaves are taken and the greater part of the midrib 
removed. They are then held over the fire to make them supple, 


and the meat is wrapped tightly in them and placed on the top of | 


the bananas. This mode of cooking renders the meat very tender. 
All the gravy is retained in the meat and is served up with it. 


Sometimes meat is baked in pots; if so, two or three sticks are . 


placed across the bottom to prevent it being burnt. Sometimes 
the meat is cut into small strips, skewered on sticks, and roasted 
over red-hot ashes. Some kinds of bananas and the ears of maize 
are roasted in the ashes, If a sheep or a goat is to be roasted whole, 
a stake is driven through it, and supported on forked sticks over a 
bright fire. The stick is turned now and then, and sometimes the 


meat is basted with oil or rubbed with fat, but no precautions are 


taken to collect the dripping. No ovens are used, nor are hot stones 
employed in boiling. The natives prefer the meat well cooked 
and fresh, high meat being very rarely eaten. The cooking utensils 
are carefully cleansed after use. Bread or cakes are unknown, save 
a kind of cake made from banana flour. The dried bananas are 
pounded in a wooden mortar with a wooden pestle, and the flour 
is then either mixed with water and boiled as porridge or else 
baked in an open pot over the fire so forming a cake. Fish and 
meat are prepared for future consumption by smoking or drying in 
the sun, but they are afterwards further cooked either by steaming 
or frying before use. Bananas are also preserved by being split 
and then dried in the sun (see War). Kitchen middens are formed 
in one corner of the compound not far from the kitchen, but they 
are periodically removed to the plantain groves or forest. The 


cooks wash their hands before commencing operations and also 


before serving the food. 
Manufacture of Drinks.—Brewing is extensively carried on in 


Uganda, as the Waganda have an inveterate objection to drinking 


water, and many of them boast that from early childhood water has 
never passed their lips. Almost everyone knows how to manu- 
facture some kind of drink, and men and women, boys and girls, 
alike engage in this occupation. Two kinds of wine and two kinds 
of beer are manufactured :—Mubisi, fresh plantain wine, which is a 
perfectly teetotal drink ; mwengi, an intoxicating plantain wine ; 
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lamba, a non-intoxicating beer made of banana juice with a small. 
quantity of boiled millet seed; and malwa, which has a greater 
quantity of millet seed added, and is very inebriating. | 
_ The Arabs have introduced the manufacture of spirits from 
mwengi, and distil a liquor from it which contains a very high per- 
centage of alcohol. 7 

The mubisi is made as follows:—A large hole is dug in the 
ground ; it is lined with banana leaves, filled with green bananas, 
and covered over until the fruit is quite ripe. The {bananas are 
then peeled and mashed with fine dried grass in a large wooden 
trough, boat-shaped, with a funnel end. A little water is added, 
the whole is mixed up either by the hand or with short wooden 
sticks; the trough is then covered with. banana leaves, and the 
mixture allowed to stand for an hour or two. It is then taken 
out, and the liquor strained through sieves made of grass into large 
bottle gourds, being then ready for use, and forming a sweet, non- | 
intoxicating pleasant drink. | 

To make mwengi the above decoction is set aside for three days, 
when it ferments and becomes a slightly acid and refreshing drink, 
but it is very inebriating. Malwa and mlamba are made by simply 
adding a definite quantity of boiled millet seed to the mubisi, 
setting it aside in large earthenware jars, and stirring it from time 
- to time for two or three days. No substances are added to any 
of these drinks to change their flavour. 

These drinks are never stored; they are made as required, and 
consumed by the evening of the fourth day. If the mwengi be 
bottled and kept in a ¢ool place for a couple of months, it tastes 
very much like champagne. 

Meals. —The Waganda usually partake of three meals a day—break- 
fast at about 7 a.M., dinner at noon, and supper soon after sunset. 
Each household provides its own food, and eats separately. There 
- is a slight difference among different classes in the arrangement of © 
meals. As arule in the upper classes the master and a few of his 
wives eat together, the head slaves eating in a separate group ; the 
remaining wives, children, and slaves eat in their own huts. In 
smaller establishments the men and women eat in separate groups ; 
while among the lowest class of peasants, where of course the 
numbers are not so great, men, women, and children eat together. 
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Among all classes the meals are served in identically the same way. 
- Before eating the hands are washed, either with water or with 
circular napkins cut out of the succulent stem of the banana, which 


contain so much sap that no water is required. The.meals are 


served either in the hut or in the courtyard ; this depends upon the 
weather. Part of the floor or ground is covered with a layer of 
banana leaves, on which the food is placed in wooden bowls or 
_wickerwork baskets, It is the custom at the palace and in the 
large establishments of the head chiefs for all the food for the mid- 
day meal to be carried before the king or chief, previous to its being 


placed before their retainers. The food is covered on its way from ~ 


the kitchen to the table by either banana leaves or neatly plaited 
grass mats or wickerwork covers, Mtesa, the late king of Uganda, 
used to insist on examining various dishes as they passed him, and 
if they did not satisfy him the cooks were severely punished. The 
Waganda all eat with their fingers; they never drink during a meal. 


After the meal is over they wash their hands, then drink. Coffee — 


berries are then handed round and are chewed, but never made into 
a beverage. They are gathered before they are ripe, boiled, and then 


dried in the sun. When chewed they have a pleasant aromatic 
taste and tinge the saliva green. After a few berries have been 


eaten, pipes are produced, and large quantities of banana wine are 
consumed. ‘There is no sequence in the order of dishes; all the 
food is placed at one time on the ground, and after the head of the 
household has commenced to eat all fall to. The meat is cut by 
one of the slaves, either with a knife or a tiger-grass splinter. .The 
only person who dines alone is the king, | 


The following account of a dinner, at which I was present, will 
afford a glimpse of the mode of procedure at a chief's house :—One 


day I was visiting the katikiro (prime minister), and he asked me 
to remain to dinner. Severai boys entered the hut to lay the 
cloth ; this consisted in covering two portions of the floor with 
fresh banana leaves; around these improvised tables the guests 
seated themselves on mats placed on the floor—the katikiro, about ten 


_ other chiefs, and myself at the one, some twenty of our host’s wives — 


at the other. I may mention that as each woman entered the hut 
she threw off all her clothes; the first one rather hesitated when 
observing me, but after a laughing remark from her husband she 
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made herself at home. As soon as we were seated, large basket trays, 
piled up with steaming bananas and steamed and roast meats, were’ 
brought in and placed upon the table, and each guest was provided 
with a banana napkin with which to wash his hands before eating. 
Then, at a sign from the katikiro every one began to eat, helping 
themselves with their fingers, When the host wished to honour a 
guest he handed him a tit-bit of meat or a pinch of salt, salt being 
very rare in Uganda. He also called once or twice to one of his 
wives, who came across from her table, and kneeling down beside 
him he placed a pinch of salt in her mouth. During the meal, three 
_ or four musicians played pleasing melodies at the door of the hut. — 
As soon as dinner was over, napkins were again handed round and 
hands were washed ; the fragments with the cloths were removed, 
and banana wine was handed round. We then all removed into a 
private yard, where native beds were placed in a semicircle under 
the trees. The katikiro lay down on the centre one, reclining on 
one of his wives, while the wife of the day (see later) reposed 
beside him; the rest of the party, that is, the chiefs and myself, 
reclined on other beds, whilst the women grouped themselves behind 
us. Pipes were then lit, and beer again handed round by slave 
boys to all save the host himself, who had an immense bowl of beer 
placed on a stool near him, from which his wife kept him constantly 
supplied. For about half an hour general conversation took place, 
then a minstrel, ornamented with a fantastic head-dress, and having 
a long goat’s beard attached to his chin, appeared with a harp. He 
played and sang for some time; the melody was sweet, and the 
time which he kept with his goat’s beard was good. We were then 
entertained by wrestling matches, followed by a kicking match 
between some boys, and lastly by dancing, both solo and in groups; 
in this the women took part. Some of the dances were very 
- graceful and good, but of others the less said the better, as they were 
indecent in the extreme. By this time it was dark and torches were 
lit, which made the dancing appear all the more grotesque, but as the 
party was getting too lively I said good-bye, and was escorted home 
by four torchbearers, it being always the custom in Uganda for guests 
to be lighted and escorted home. 
There are no ceremonies used at the commencement of meals. 
Cannibalism is unknown in Uganda, but an idea prevails that 
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there are people who roam about the forest at night, and kill and eat 
wanderers who are not provided with alight. They are supposed 
to possess the power of making themselves invisible at will and of 
- being invulnerable. This propensity is considered hereditary, and is 
often attributed to people as witchcraft might be. ‘They are avoided 
by their neighbours, who will not employ them in any way, and no 
one will marry a woman who comes of such a stock. 
Narcotics.—Both men and women in Uganda are inveterate 
smokers, and commence the practice at an early age (10 or 12). 
The king (Mtesa) was the only person I knew who never smoked, 
and who objected to the smeli of tobacco. Before going into his 
presence it was the custom to chew coffee berries to take away 
- the smell of the smoke. Tobacco is the only substance smoked; 
it is never used as snuff, nor do they chew it; it is of a very 
‘pure quality, and never mixed with other substances, It is 
indigenous, and varies very much in strength, some being com- 
paratively mild, but most of it very strong. A good deal of care 
is exercised in the cultivation of icbacco; the plants are not 
allowed to seed, the flower buds being picked off before they open 
(see Agriculture). The leaves are dried in the sun, made into 
neat packets of 10 to 20 lbs. weight, tied up in banana leaves, 
and suspended in the huts till required for use. Neat tobacco pouches 
are in use; some are made of skin, others of plaited grass, others 
again in the shape of grass boxes. The patterns made are—bands, 
chevrons, chequer, concentric rings, spiral, and guilloche. Cigars 
are unknown, pipes, the bowls of which are made of clay, and vary 
in size, being used. The bowls are very thin, and beautifully 
finished and smooth, but as no flux or glaze is applied they are 
very brittle. Two shapes of pipes are used—one with a round bowl — 
and very small, the other conical, and holding half an ounce or 
more. The stems are composed of wood, and are 4 or 5 feet in 
length, and no mouthpieces areemployed. Water-pipes are not used, 
and the pipes are rarely passed from one individual to another. 
With the exception of coffee and sugar-cane, no substances are 
chewed. The old women when at work in the field sometimes 
smoke a pipe with a short stem, which they hold between their 
teeth; otherwise they smoke the ordinary long-stemmed pipes. 
Tobacco smoking does not appear to injuriously affect the people. 
VOL, XIII, 3B 
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I was unable to find out any tradition of the importation of 
tobacco, 

Occupations.—Although the Waganda cannot be said to lead hard- 
working lives, all find more or less continuous employment, save those 
of the higher ranks, House building and fighting may be said to be 
the chief occupation of the men, and the cultivation of the ground, 
_ with household duties, that of the women; but, as the sequel will | 
show, a good number of the people of both sexes are engaged in 
various arts and manufactures. One thing only they will never do, 
and that is to tend or breed cattle (see later). 

The following is a sketch of the Wagandas’ daily life ohne at 
home :— 

A little before sunrise they get up, and wrap intaiee | in n their 
mbugus and build up large fires for warmth. Pipes are then lit, 
and men and women smoke until breakfast is ready, it having been 
prepared by one or two members of the household. By the time 
breakfast is finished the sun is well up, and they then go about 
their several occupations until dinner time. After dinner they 
_ smoke again, and it is only the poorer classes and slaves who do any 
_ work in the afternoon. No work is done by anyone after supper, 
when the whole of the inhabitants sit round the fires, smoking 
and drinking beer, till 8 or 9 o'clock, when ~ retire for the 
night, | 
 Morals.—Judged by the standard of surrounding tribes, the 
Waganda cannot be said to have very high morals. There seems to 
be an underlying current of feeling that a man’s present life will 
affect his future state, but practically they do not seem to be in- 
fluenced by this feeling. A standard of right and wrong no doubt 
exists, and in many things strong public opinion condemns the 
guilty and rewards the virtuous. Popular legends to some extent 
keep alive this idea; deeds of bravery or of cowardice are 
celebrated in tale and song, and children are early influenced by 
the recitation of such n- which doubtless help to shape 
their lives, 
The Waganda are liars, and consider it a virtue to be proficient in 

the art. It is thought wrong to steal, but it seems to be a much 
worse offence to be found out. On the other hand, the people are 
kindly and courteous, given to hospitality, and not avaricious. 
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They are to a certain extent indolent, but then the necessities of 
life are easily obtained. They are cleanly, but drunken, and many 
are gluttonous; drinking is not condemned—gluttony is, = are 
very indecent. | 

Human life is little respected, the pecple being vallini and not | 
afraid to die, Unless strongly moved by passion, they cannot be 
said to be cruel, and although passionate they are not revengeful,: 
that is amongst themselves ; against their enemies they cherish very 
strong feelings of hatred, and woe betide the district into which 
they make a raid. | 

Children are well looked after, and the aged men are respected 
and kindly treated. With the women it is otherwise, as on account 
of polygamy, they hold a low place in the social scale. Before 
marriage they are fairly chaste, afterwards, notwithstanding the 
severe laws on the subject, they are very lax. 

-Crimes.—It is rather difficult to give definitely the state of the 
criminal code, for this reason, that although the Wagsoda have ~ 
definite laws with regard to the punishment of crime, yet they think 
very lightly of it should they escape detection. Crimes against the 
person may be summed up as follows :—Homicide is considered 
criminal, except in cases where there has been great provocation, or 
in some rare cases where a son kills his old father, in order to 
inherit his honours, Suicide is very rarely practised, and is greatly 
condemned. Maiming, abduction, and assault may not as a rule be 
revenged by the party injured, but the ordinary legal procedure 
must be set in motion. With regard to adultery, persons taken in 
the act, if the adultery is committed with women belonging to the 
king or great chiefs, may be summarily executed ; otherwise the 
case must be tried by a judge. Unnatural offences, which have 
been introduced by the Arabs, are intensely abhorred; they are 
happily of rare occurrence; the stake is the punishment, Arson 
and theft are the principal crimes against property. Arson is con- 
sidered to be an offence against the community, whereas theft 
is only an injury against an individual. Crimes against the State 
are very rare; when they occur it is usually on the instigation of 
one of the sons of the reigning monarch, 

Until quite recently, offences against religion have been un- 
known, but, since the Arabs and European missionaries have 
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entered the country, this has changed. Those who undergo the 
rite of circumcision are put to death at the stake, and many con- 


verts to Christianity have suffered the same fate. (This last since 


Mtesa’s death.) 
There is no distinct criminal pe | 
Agriculture.—There being two periods of maximum rainfall in 
the year, there are two harvests. The cultivation of the ground. 
is almost entirely carried on by women. The gardens of the 


Waganda are, as a rule, wonderfully well kept, the various plants 


being cultivated on separate beds, which are carefully weeded | 
and divided from each other by broad straight walks. The hoe is 
universally used both for turning up the earth and for removing 
weeds. In making fresh beds for any plant the soil is generally 
turned up to a depth of about 9 inches, I have already enumerated 


- the articles grown in -these gardens, with the exception of tobacco 
and the bottle gourd (sce Food). -The tobacco is usually sown 


pretty thickly in small beds, but when the plants are a few inches 
high they are carefully transplanted and placed in straight rows. 
The bottle gourds are also widely cultivated, the plants being trained 
over trelliswork frames or over the huts, the object of this being 
to allow the fruit to grow suspended in the air, that it may preserve 


its shape. These gardens are separated from one another and from. 
the road by high fences of tiger grass or by hedges of euphorbia 
‘and other bushes, The bananas are banished from the gardens 
‘because their thick foliage would interfere with the growth of other 


plants. They are grown in plantations; but.here, too, great care is 


‘taken to keep the ground clear by gathering up the fallen leaves, 


which, togethér with the weeds from the gardens and the produce 
of the kitchen middens, are heaped up round the banana stems, this 
being the ‘only attempt made by the Waganda to manure the ground. 
‘The only tradition connected with the introduction of plants into 


‘Uganda is the legend which refers to the banana (see Mythology). 
_ Each household cultivates its own land as a rule, but persons 


‘who possess more produce: than they require sell it to others. It 


‘can hardly be said that there are crops, as so little grain is grown. 


The banana is of great importance, as it forms the staple food for the 


‘people ; ‘its leaves are used for cooking purposes, as paper for 


packing up parcels, as dinner napkins, plates, and cups. The pulp 
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of the tree is employed for washing the hands taabaeid of rec and. 
string is also made from the fibres of the plant. 

Cattle—The Waganda do not tend cattle; they have a sith 
objection to having anything to do with them, and the herds are- 
kept exclusively by Wahuma or Wanyambo herdsmen. The king 
and those chiefs who possess cows always have herdsmen in their 
employ. The prevailing colour of the cows is brown or iron grey; 
they are large bony animals. Charms are hung round the cows’ 
necks to make them prolific, and sometimes also bells to prevent — 
them straying. They are bad milkers, giving only from half a pint 
toa pint and a half at a time, and they give no milk unless the calf 
is suckling; should it die, milk fails,’ Women are never allowed — | 
te milk the cattle. When their horns begin to form they are often 
destroyed by the application of a red-hot iron ; this is only done to 
a special breed which have very long horns. There are other breeds ~ 
with no horns or with very short ones. Castration is not practised. 
The number of cattle in Uganda is remarkably small, when contrasted 

with the vast herds which constitute the bulk of the possessions of 
- surrounding tribes. Besides being the herdsmen, the Wahuma are 
the chief owners of cattle, and they sve mostly upon a meat and 
milk diet. 

A great many goats are found in Uganda; they fatten quickly, 
are very prolific, but are mischievous and damage the gardens. They 
are generally herded by children, and in large establishments huts 
are erected into which they are driven at night. The poorer people, 
who only possess a small number of goats, permit them to sleep in 
their own huts. 

The sheep belong to the Somali breed ; they are few in number, 
and by no means well favoured. 

Fowls are to be found in most Uganda villages, but they are very 
lean and are never fed. A few wretched cats may be seen here and . 
there; they are domesticated, but are of no use as rat or mouse 
catchers. 

Twenty years ago sisi every Mganda had a dog, and this 
custom still obtains in districts away from the capital. There, 
however, owing to the influence of the Arabs, who believe that dogs 
are unclean, the practice has to a certain extent died out. Some of 
_ the dogs resemble a smooth English terrier, and are generally tan 
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coloured. They are tied to a leash of very strong cord, which the 
owner holds in his hand or hangs round the wrist with a running 
knot. In hunting antelopes, however, the dogs are set free. They 
are attached to their masters and are well treated. Hydrophobia is 
unknown. | 
- Manufactures.—The Waganda are very ingenious and clever 
workmen. All the articles they construct are made with great 
taste, neatness, and exactitude. They also very readily copy, or 
adapt to uses of their own articles of foreign manufacture introduced 
into the country. I shall now describe their different trades in 
order, and commence with 2 
Pottery.—Pottery is a distinct trade, and a good number of men 
and women are engaged in it. Boys and girls are at an early age 
initiated into the art. Two kinds of pottery, a coarse and a fine ~ 
variety, are manufactured. Vessels for carrying water and for cook- 
ing are made of the coarse kind ; they are of all shapes and sizes, and 
- are well proportioned and elegant in outline. The water jugs are - 
round in form, made to contain one or two gallons, and have a 
narrow long-lipped neck, while those used for cooking purposes are 
hemispherical, having no necks but a neatly curved lip. Already the 
Waganda are beginning to imitate European pottery, and plates, 
basins, and mugs may at times be seen. Drinking cups and: tobacco 
pipes are made of the finer clay. They are very thin aud beauti- 
- fully worked, but all the pottery is easily broken, as no flux or glaze 
is used. The fine clay contains a good deal of mica; it is procured 
from the beds of streams, and is probably formed from the detritus of — 
igneous rocks. No potter’s wheel is used. The clay is first freed 
from stones, is mixed with water, and beaten with wooden clubs on 
a wooden block into a proper consistency. A lump of this dough 
is then taken and formed into shape by the hands; a wooden 
spatula is held in the right hand, the left being used to rotate the 
clay. No moulds are used in the manufacture of pottery. The 
pots are ornamented both by scoring with a sharp-pointed stick 
and impressing with a wickerwork pattern. The most usual 
patterns employed are circular dots, elliptical punch marks, bands, 
parallel incised lines, chequer concentric rings, guilloche, spiral 
pattern, and basketwork. The pottery is burnt after being dried 
in the sun in large permanent holes dug in the ground. When 
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first burnt it is grey, but after being hung over a smoky fire 


and polished it acquires a permanent black colour. The pots are 


first polished with a pad of mbugu, and finally by the palm of the 
hand. Drinking bowls and both kinds of pipes are sometimes 
coloured with red oxide of iron or with white clay. 
Basketwork.—The wickerwork made by the Waganda is very 
good indeed; the materials they use are grass and the young 
leaves of the wild date palm. Baskets of all forms and sizes, trays, 
covered. boxes, fish traps, shields, drinking tubes, and various kinds 
of mats are made. Some of the work is extremely fine and elegant, 
and the patterns are very graceful. oth stiff and flexible basket- 
work is made, and coloured grass is often employed. Blue, black, 
and red dyes are also used for dyeing the grass. Wickerwork 
coverings are constructed to protect jars and pots. The large, 
shallow, circular baskets used as dishes are made as follows :—A 
continuous ring of fine grass, bound closely round with plantain 
fibre, is coiled on itself in a wide spiral, the individual rings being 
sewn strongly together with the same fibre, and so carefully and 


tightly are these baskets made that they are perfectly water tight. 


(Fish Traps and Shields, see Fishing and War.) Mats for all kinds of 
purposes are made of grass or of strips of the young leaflets of the 
wild date palm. These leaflets are dried and bleached in the sun, 


and then cut carefully into strips and plaited into large mats, 


which are very pliable, and will roll up without cracking or 
splitting. The large sized mats are used to carpet the floors ; 
smaller sizes to cover the native beds, and others again are carried 
_ by slaves for their masters to rest on when away from home. The 
tubes which are used for drinking purposes are made as follows :— 
A hollow curved stick is taken and covered with close fitting 
basketwork of date palm leaves dyed various colours, while at the 
bottom is a strainer terminated by a “crown” knot. Small square 
covers are also constructed for jars and drinking cups. Different 
styles of plaiting and patterns are employed for almost every 
purpose for which basketwork is used. _ | pes 

Metal Work.—The work of the smiths is far superior to any 
seen among the neighbouring tribes. The iron found in Uganda is 


of excellent quality, and is very abundant; it is obtained by 


smelting from the ore. The smelting ovens are conical in form, 
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about 34 feet high, layers of charcoal and iron ore being alternately 
placed in them. Six, eight, or ten pairs of bellows are employed for 

the blast; they are worked by men and boys in time to a chant. 
_ The tools used by the blacksmiths are of a very primitive nature. 
Oblong stones of various sizes are used as hammers, large flat ones 
as anvils, and the tongs are usually merely pieces of green wood 
with a cleft in them. A few iron hammers, files, and tongs have 
been imported from Zanzibar, and the Waganda smiths soon learn 
to imitate European work. For instance, they convert flintlock 
guns into percussion guns, and they make brass cartridge cases, 
which, though only cast, are wonderfully true and smooth. The 
bellows which supply the blast for the clear charcoal fires used by 
the smiths consist of two earthen pots firmly bedded in the ground ; 
over the mouths of these a pliable skin is fastened, while to the 
centre of this hollow sticks are tied. A boy holds one stick in each 
hand and works them up and down rapidly and alternately, closing 
the end of the hollow stick with his thumb as he presses it down, 
thus creating a constant blast. There is a hole near the bottom of 
each pot, on the side facing the fire, and through this the blast passes — 
through a clay tube which conducts it to the hearth. 

The spears, knives, and arrow-heads are wonderfully well made, 
and they also construct chains, bells, and rings for fingers, arms, 
and legs. The nkumbi or hoe is heart-shaped, with a long flange 
from the broad end, which is firmly tied to a hook-shaped wooden 
handle about 3 feet long. The. knives are always curved, the 
blade being about 9 inches long and very thin; they take a keen 
edge. They are sometimes painted with red ones of iron procured 
from an ore resembling hematite. 

Two kinds of axes are made, the’ one a rude shaped piece of iron, 
which is inserted into a heavy wooden handle and used for felling 
trees, splitting up firewood, &c. The other axe is much more 
elegant; a broad thin blade, almost crescentic in shape, is fastened 
like a knife in the end of a long well-balanced handle of wood. | 
The flat part of the blades of knives and axes is covered with a 
thin film of black oxide of iron, except along the cutting edge; 
this prevents rust. 

Mtesa sent a few of his smiths to the English mission to be 
taught blacksmithing, and it was surprising to see what progress 
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they made, and how proficient they soon became in the use of 
English tools. They seemed almost instinctively to understand 
what the implements were made for, and a surprise that 
they had not made such themselves. 


Manufacture of Bark Cloths —A species of fig (Ficus ludia), which 


grows abundantly throughout Uganda, is the tree from which mbugu 


_ or bark cloth is procured. The bark is taken from young trees; 


two incisions are made round the trunk, a third, which is vertical, 

joining the other two. The bark is then stripped off and. the 
outer surface carefully removed, and it is then laid on a smooth 
square block of wood and rapidly beaten in time to a low chant 
— with heavy wooden mallets. These mallets have circular grooved 
heads, which give to the bark a ribbed appearance like corduroy, 
and under their blows it quickly thins out like gold under 
- the goldbeater’s hammer. When the bark has been beaten out to 
the requisite thinness it is hung up to dry, and afterwards any holes 


which may have been produced in the beating are neatly patched ~ 
_. with the trimmings from the edges. The thread used for this 


- purpose is made from the bark, or from the fibres of the plantain, 
and a long thorn is used for a needle; the sewing is remarkably 
neat. The mbugu when new is of a yellow-brown tint, resembling 
freshly tanned leather; some of the finer sorts, however, are of a 
dull brick-red colour. They vary much in quality, some of the 
better kinds being beautifully soft, and these are procured chiefly 
from the Sesse group of islands. The principal fault of this cloth 
is that it soon decays if it gets wet. Sometimes the mbugu is dyed, 
generally black, or various patterns in black, red, and blue are 
printed on it. The tree from which the bark is removed is not 


killed by the operation ; the wound is covered with banana leaves, _ 


which are bound closely round it, and in process of time new bark 
crows. <A considerable number of people are employed in this 
manufacture; the women strip the bark from the trees and do any 
repairing to the cloth that is necessary, but men beat out the bark 
and make the cloth. | 


Wood Work.—A large number of joiners are employed, and. 


although they work slowly, whatever they make is well done and 
neatly carried out. Milk bowls, pear-shaped, containing about a 
quart, are cut out of a solid block of wood; they are often highly 
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ornamented. Drums, drumsticks, axe handles, and paddles are 
made in large numbers; and walking sticks, made out of a hard 
white wood, are beautifully rounded and polished. Small axesand _ 
knives are used by the carpenters. Fire is not employed, save for 
the purpose of hollowing out pipe-stems. Small carved wooden 
animals are also made;, the carving is neatly done, but the forms are 
not very accurate. 
Leather Work.—The Waganda are very good tanners, and 
manage to get their skins as soft as the best kid leather; they 
pride themselves very much on this art, and laugh at the unsuc- 
cessful attempts of others to compete with them. Lion skins, 
ox hides, buffalo hides, and the skins of leopards and all the 
varieties of antelopes are used for leather. In some cases the hair 
is removed, but generally it is lefton. They first dry the skins in 
the sun, then stretch them out on a frame, and the inner surface is 
carefully scraped with a sharp knife. They are then rubbed for a 
long time with flat heavy stones until quite smooth; this produces a 
fine grain. Butter or oil is then applied in considerable quantities, 
and the skin once more placed in the sun ; this latter process is 
repeated several times. Both men and women are employed in 
tanning. Some skins from which the hair has been removed are 
dyed; others have patterns printed on them, and the thick buffalo 
hide from which sandals are made is ornamented by either a knife 
or a red-hot nail. Leather ropes are sometimes used in house- 
building, if so it is before they are tanned, but the leather used for 
straps, traps, or nets is first tanned. | | 
Dyeing.—Five colours are used by the Waganda—black, green, 
orange-yellow, red, and blue. The black dye is the soot of a sweet- 
scented wood mixed with oil; the yellow dye is obtained from a 
tree called the mulilila, resembling our lauristinus ; it is a gum, and 
exudes from the bark in small drops. Unfortunately I do not know 
how the green, blue, and red dyes are prepared. The dyes are used 
in two ways; either the article to be dyed is immersed in the fluid, 
or else wooden stamps are used on which the dye is smeared ; the 
most common pattern for these dyes is lozenge-shaped. Earthenware 
jars, pipes, &c., are coloured by sticks, the ends of which have been 
chewed until they very much resemble a paint brush. 
Beadwork.—A good number of women are employed in the 
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manufacture of bead ornaments; necklaces, bracelets, anklets, 
stomachers, and rings for the waists are made. Red, blue, white, 
black, and green beads are all in vogue. The patterns show a 
great amount of good taste, and none of the gaudy contrasts so 
usual amongst African tribes are to be seen. The hair from the 
giraffe’s tail is used for stringing the beads. The beadwork is 
often arranged over pads made of grass tightly covered with banana 
fibre. Some of the little grass caps before referred to are orna- 
mented with beadwork patterns, the beads being sewn on to them 
with hairs, and thorns being employed as needles. — 

_ String.—String and rope of various sizes and of various materials 

are manufactured. They are both spun and plaited. String is made 
from banana fibre, the fibre of a species of aloe, the sinews of animals, 
their intestines, and more rarely from wool. The long fibres are 
usually twisted on the thigh with the hand, which is generally wetted. 
In plaiting, 3, 6, and 9-ply are employed. ‘The ropes are generally — 
plaited, and they are made either of —— or of hide. Weaving is 
unknown in Uganda. | | 
 Boat-Building and Navigation.—The Waganda are extremely 
good boat-builders, and various sizes of boats are made, from small 
- fishing canoes capable of holding two or three men up to the large | 
war canoes containing sixty men. The canoes are made in the 
following manner :—The straight trunk of a tree of the required 
length is taken, and the bottom of the vessel is constructed from 
it by cutting away the superfluous wood with an axe. It is care- 
fully hollowed out down the middle, tapered off at both ends, and 
at the bow a horn is formed, which projects some 3 or 4 feet above 
the cutwater when the canoe is finished. Along both edges of this 
bottom log small holes are bored with a red-hot iron ata distance 
of 2 or 3 inches apart. Two long planks, hewn with an axe out of 
the solid trunk of a tree, are then taken, and a number of holes — 
having been bored, to correspond with those in the bottom log, 
they are tied together with the root of fibres of various plants, 
curved boards being added at either end where the canoe narrows. 
_ These boards are curved by being placed with the ends resting on 
two logs of wood, heavy weights. being placed between them. The 
planks are sloped outwards at an angle of about 60 degrees, giving | 
additional breadth to the canoe. 
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The sides of the boat are then completed by other planks tied 


at right angles to the last mentioned, therefore vertically. Large 


holes are made along the lower edge of the second row of planks to 
receive the thwarts, which are securely _— in position by root- — 


fibres or sometimes by thongs. 


The outside of the vessel is then painted a light red, with oxide — 
of iron, obtained by burning an ore resembling hematite, and then 


_ the seams are corked with plantain fibre, which has been steeped in 


water. The boat is finished by adding the nsanda or curved 
prow, the top of which is ornamented with a pair of antelope’s 
horns, and from this to the bow a fringe of grass or feathers is 
fastened to give an additional ornament. The paddles are well . 


made of a hard wood, and both hands are used in paddling. The 


canoes are steered by the two paddlers in the stern, and propelled 
with great rapidity. The Waganda are, however, afraid of going 
out on the lake more than a mile or so, on account of the 
sudden storms which arise very quickly. When compelled to go 


from the mainland to an island they invariably paddle along the 


coast to the nearest point, and then, having rested, make all speed 
across the intervening channel (for further information, see 
Fleet). 

Fishing.—The Waganda who live on the borders of the leles and. 
the Sesse islanders are mostly accomplished fishermen. They not 
only catch the fish for their own consumption, but after it is dried 
and sometimes smoked they use it as an article of barter with friends 
living inland. Various methods are _— to catch the fish. 
First in importance is— 

The Rod and LInne.—A light reed or cane, about 10 feet long, 
forms the rod ; the lines are very fine and strong, and manufactured 
from the fibre of a species of aloe. The hooks are made of native 
iron, are usually small, and are not barbed. Freshwater shrimps — 
and earthworms form the bait. Night lines are also employed, and — 
are set from canoes at # of a mile or a mile from the shore. Some 
of them are as long as 400 feet in length. They are sunk by means. 


_ of heavy stones, floats of ambatch wood being used to indicate their 


position and aid in their recovery. Hooks of a larger size than 
those used in rod fishing are attached to lines made fast to the main 
rope at intervals of about 10 feet. The hooks are fastened to the 
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line in two ways—either the shank of the hook is rough and the 
line is whipped to it, or else the head of the shank has a rough 
knob below, while a kind = clove hitch secures the line to the 
hook. 

Spearing fish is not widely practised, but sometimes it forms an 
amusement for the boys, who use light spears for the purpose. 
Two kinds of wickerwork traps are employed for catching fish. 
- One is like our lobster traps, and used in the same manner; the 

other consists of a large conical wicker basket, about 4 feet high, 

open at the large end, around which a ring of twigs is fastened, 
radiating inwards so as to allow the fish to enter, but preventing 
their escape. Eight or ten of these baskets, tied side by side, are 
taken out by canoes, and sunk by means of stones so placed that 
_ the baskets lie on their sides with their mouths facing the shore; 
they are hauled in by long ropes which are made fast to them. 
Women rarely ‘fish, but boys are early instructed in the art. 
Women are, however, employed in cleaning and curing fish. The 
lake is abundantly stocked with them, but I had no opportunity of 
determining the species. 

Hunting.—The Waganda are great hunters, and game is very | 
plentiful. Elephants, buffaloes, zebras, rhinoceros, wild boar, 12 
species of antelopes, lions, leopards, jackals, foxes, hyenas, hares, — 
chimpanzees, and several species of monkeys inhabit the forests. 
Snakes are numerous, many of them being very venomous, and 
there is a harmless species of bright green which gives its name to 
that colour (a noandagala). Boa constrictors are also frequently 
found. Hippopotami, crocodiles, and otters abound in the lake and 
in the Nile, and there are a great many water-rats whose skins are 
highly prized. The principal birds are parrots, guinea-fowl, owls, 
vultures, adjutants, goat-suckers, kites, eagles, ducks, geese, storks, 
cranes, herons, gulls, scarlet flamingos, darters, the sacred and 
glossy ibis, and brilliantly coloured honey birds. Among the 
~ insects I may mention mosquitos, locusts, | white and driver ants, 
bees, and innumerable butterflies. 

There are hunters by profession in Uganda. These men are 
very courageous and expert. They use spears of different sizes, and 
generally. hunt in parties of three or four. Thus they attack 
elephants, lions, &c., but notwithstanding their agility and bravery, 
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many fall victims to their suka be prey. These beaten also 
employ variously constricted traps. For large game the most usual 
form is the pit-fall, The pits are about 7 feet deep and taper 
towards the bottom, in which spiked stakes are often inserted. 
They are very neatly covered over by reeds, over which are spread 
‘banana leaves, and these again are strewed with earth. Buffaloes 
and large antelopes are caught by wreaths composed of the 
branches of the thorny bush, so contrived that the thorns all point 
inwards, ‘These wreaths are somewhat conical in shape, and are 
placed in holes scooped out of the ground. They are secured by a 
strong rope to a heavy log of wood or to the trunk of a tree. When 
the animal steps on the wreath its foot goes through it, and the 
thorns prevent its being shaken off. Other traps are made by 
suspending heavily weighted spears above the paths by which the 
animals go to water; they are arranged to fall as the animal 
passes underneath. Heavy beams of wood are also arranged with 
a very slight support, which, when touched, allows the beam to 
fall, Baits are placed beneath these traps. 

A great variety of noose snares are employed. Hippopotami are 
hunted from boats with two-pronged harpoons, The natives are 
very expert in avoiding the wounded animals. _ 

The inhabitants of several villages often join together for the 
purpose of driving game into nets. A large enclosure of strong rope | 
nets is made, each village supplying its own proportion of men and 
nets, The animals are driven within the circle and then speared. 
_ By this means hundreds of animals are sometimes slaughtered in a 
day. In hunting, the man who gives the fatal wound is supposed 
to appropriate the horns and to get the largest proportion of meat, 
but a great deal of discussion and quarrelling take place in the 
hunting expeditions. This is more especially the case when one of 
the party happens to be of higher rank than the others, as he 
generally annexes the best of the booty, and permits his retainers to 
fight for the remainder. There are no laws for the preservation of 
game in Uganda, but certain skins (I think leopard) and a propor- 
tion of the ivory must be handed over to the king, © 

‘Meat is preserved by drying it in the sun or smokin g it over the 
fire. The animals are skinned and cut up where they fall. 

I only know of three superstitions connected with hunting. The 
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first is, that all good luck for the pan would be at an end if a man 
turned back after once starting out; the second, that the game should 
always be skinned before bringing it under cover; and the third, 
that when returning from the hunt a different path must always be 
followed from the one taken on the way out. If much game has been | 
- captured a great feast is often held at night, and fearful scenes of 
gluttony are sometimes witnessed. I have seen men eat until they 
have fallen down in a perfectly helpless condition, and have had to be | 
carried home by their friends. Whistles are used for civing signals 
when hunting. The Waganda track game fairly well. Dogs are 
used, especially in antelope hunting. Bows and arrows are very 
rarely used indeed, save by the Wahuma; nor are the Waganda 
successful with fowling pieces, of which — are a few in the 
country. The spears used in hunting are the same as those used in 
war, with the exception of the elephant spears, which are very heavy | 
and large, and only used for thrusting with both hands. | 
_ No poison is used by the Waganda in hunting. The only 
animal they are chary of attacking is the buffalo, which are very 
fierce. Only large parties of men attack them, and even then 
many casualties take place, es | 
War.—The Waganda are very warlike; in fact, one may say 
that they are constantly at war, making continual raids on the 
- surrounding countries for cattle and slaves. All the adult males - 
are compelled to serve in the army when required, and a military 
organisation, having its headquarters at the capital, ramifies through- 
out the whole land. The number of men capable of bearing arms 
in Uganda is probably about 600,000, but certainly not more than 
half this number would be available at one time or place. The 
king must be considered as the head of the war office, for he keeps 
in his charge the war-board, which gives him a general idea as to 
the number of troops available. This board is covered with 
numerous holes, in which pegs are placed of three different colours 
and sizes, representing tens, hundreds, and thousands. The pegs are 
white for ten men, black for a hundred men, and red for a thousand 
men, The rows are manipulated from right to left, that is, the 
black and red pegs are placed to the left of the board. When an 
expedition is sent out the king takes as many pegs from the board 
as there are soldiers required, and after the return of the army from 
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_ war the number of killed are deducted by the chiefs, and teas return. 
the pegs which represent the living to the king. The council of 
war consists of the king and a certain number of chiefs ; in fact, it 
is composed as is the national council (see Government). The whole 
country is divided into districts, and the head chief of the district 
is the commander of the soldiers living in it,and is responsible 
to the king and council for providing the requisite number of 
men. Under his command are sub-chiefs, who are responsible 
for the soldiers inhabiting different villages. War is declared by 
the king sitting in council, the big war drum being immediately 
beaten. As soon as its sound is heard all the chiefs who are present 

seize their walking sticks, and brandishing them on high execute a 
war dance before the king, swearing fealty to him, boasting of their 
own prowess, and of the terrible fate to which they will deliver their 
enemies. ‘The king then distributes the war pegs to the chiefs, who 
immediately rush forth to collect their men. The soldiers residing 
near the capital gather next morning outside the palace attired for 
battle, dressed only in loin cloths, and their faces whitened with 
ashes to strike terror into the hearts of the enemy. Some are also 
smeared with red and black paint. ‘The king stands outside the 
palace gate holding a shield and two copper spears, which may be 
only carried by the king and the principal chiefs. He is attended 
by his court. A war dance is then executed, the troops passing 
before the king, brandishing their spears, shouting and vowing 
vengeance on their foes. After this parade the chiefs in command 
of the army are assembled and receive their orders. Messengers are 
then sent to the troops at a distance telling them where the trysting 


place is to be. Several flags and war drums are entrusted tothe 


keeping of the army, which then sets out on the march. 

The king is kept informed of the progress of the army by 
messengers, who wear a leopard skin cape as a sign of their office. 
I had several opportunities of seeing the Waganda both on the war- 
path and in actual fight, and was much surprised at the regularity 
and precision with which all their movements are carried out. On 
the march they send out skirmishers; their front and flank are 
always well protected, and they use all the natural facilities of the 
land both for cover and for reconnoitring their foes. When 

camping at night the fires are made in hollows, and screened to pre- 
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vent the enemy seeing them, and sentries are placed round the camp. 
Commands are given both by word of mouth, drums, and whistles, 
and disobedience to orders is severely punished. Each chief 
commands his own men, but a commander-in-chief, aided by a 
council, directs all the operations. When the army approaches the 
enemy they do not commeuce to fight at once, but perform a war 
dance and curse their eneraies :n no very polite language, for some 
considerable time. They then begin to throw their spears, but 
soon, warming to the fray, yelling and shouting, they rush to a 
hand-to-hand conflict to the beat of their noisy war drums. The 
drum takes very much the place of a regimental flag; round it the 
detachments assemble, and its loss in battle is considered a fearful 
disgrace. In going from Rubaga to Mruli, I passed a battlefield . 
in which the Waganda had been beaten, and grouped around the 
war drum I saw the bodies of more than 300 Waganda, so fiercely 
had they defended their standard. They are extremely brave, and 
have no fear of death. Their fights are often very sanguinary, and 
they frequently lose 30 to 40 per cent. of their men. The feats of 
noted warriors are celebrated in their war-songs and traditions, and 
warlike achievements are rewarded by an extra share of the spoil 
or by a rise in rank. After a battle in the open their wounded 
opponents are not butchered in cold blood, but are left to take care 
of themselves as best they may; but should a village be sacked, it is 
the usual custom to put all the adult males to death. The dead 
are not buried unless they hold high rank. A certain number of 
medicine-men accompany the army in the field to give aid to the 
wounded. Should a chief be killed in battle his followers usually 
run away. In returning from war nightly carousals take place, at 
which the female prisoners are compelled to be present and the 
utmost license prevails. At these festivities war songs are sung and. 
tales are told of the heroic deeds of the honoured dead. 
In every village stores of dry bananas are maintained by the 
head man for the use of the soldiers when they are called to war. 
- At the same time especial contributions are levied on the villages 
through which the army passes on its march. When camping huts 
are usually constructed for the whole army, and it is wonderful to 
see the rapidity with which these grass shelters spring up. Four 


men will erect a commodious hut in three-quarters of an hour. 
VOL. XIIL | 30 


| 
; 


738 Proceedings of the Royal Society 


Women do not accompany the men to war, but the head chiefs take 
one or two wives and a few female slaves with them to within a 
safe distance. When camping, the huts for these women and for 
the chiefs must be first erected. Commanders who are unsuccessful 
may be reduced in rank or fined. In attacking an enemy’s village, — 
they sometimes use red-hot arrow heads wrapped in mbugu cloth to 

get fire to the dwellings. | : 

Weapons.—The spear is the Waganda’s weapon, and it is made 
remarkably well. The shaft is about 7 feet long, smooth, and very 
neatly finished. It is made of very hard but comparatively light 
- wood; the head is 15 inches long, the blade 10 inches and 34 to 4 

inches broad. They are very sharp, and are protected by neatly 
made leathern cases ornamented at the tip by plumes. The cases 
are joined together by a thong of leather, so that they can be 
suspended round the shoulders or arm when the spears are in use. 
The Waganda shields are made of wood, covered with wickerwork 
of an open zig-zag pattern. They are large enough to cover 
the whole body when in a stooping position. They are pro- 
vided with a wooden boss in the centre, which is conical in form 
and hollowed out inside to reduce the weight and to permit the 
soldier’s hand free play. Across the inside of this boss there is a _ 
wicker handle, or sometimes a wooden one, carved in the shape of a 

lizard or some other animal. The Wahuma possess bows and 
- arrows in addition to spears. The bows are about 6 feet long, and 
unusually stiff. The arrows, which are feathered, have notched 
heads and extremely barbed points; they are sometimes poisoned 
by being dipped in the juice of a species of euphorbia. I doubt, 
however, whether this is a very strong poison, but the wounds 
caused by the poisoned arrows have a great tendency to slough. | 
The Wahuma shoot well up to 40 yards. There are probably not 
more than 2000 guns in Uganda; they are not much used, on 
account of the difficulty which the people have in procuring powder. 
Some of the Waganda are fairly good shots with the rifle, but most | 
_ of them fire from the hip. 

Fleet.—The Waganda possess a large fleet of war canoes. 
Unfortunately, I never had the pleasure of seeing it; therefore all 
I can say about the canoes is that they are said to contain 40 or 60 
men, the fighting men being in proportion to the paddlers of two to 
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one. The latter are protected. by shields hung to the thwarts of the 
boat. The canoes are apportioned out to the various chiefs under 


whose command they fight, the whole fleet being under the chief 
admiral, who distributes them mostly amongst the islands in the | 


lake. 


Government.—The head of the government of Uganda is nomin- 
ally the king (Kabakka). Succession to the throne is hereditary, 
but the new king is selected from a minor, the three hereditary 
chiefs and the young king’s mother carrying on the government 
until he is of age. (I believe this takes place when his first son is 
born.) This arrangement prevents the king becoming too power- 
ful, and also avoids intrigues during his lifetime. Directly a king 
dies all strangers who may happen to be in the country are 
compelled to live in certain places under a strong guard. They 
are quite safe there, but should they leave the enclosure they would 
certainly be killed. A meeting of the three hereditary chiéfs is 
held to elect the new king; should they not agree in their choice 
they fight, and the victor places his nominee on the throne. With 
the exception of two or three of the young king’s brothers, the whole 
of the late king’s sons are burned; the former are kept in strict 
confinement, but their preservation is necessary in case of the king 
dying childless.* The king’s power is distinctly limited, that is to 
say, in vital matters he would never dare to go against the will of 
the hereditary chiefs. It is true that he is on the throne, and that 
everything is referred to him; but he is placed and maintained 
there by his chiefs, who are wise enough to know that there must 
be a king or there would be everlasting fighting for the supremacy. 
The king is not permitted to have much property of his own, but 
he can requisition women, cattle, food, in fact almost anything, to 
any extent, except land. ‘The reigning family in Uganda is 
descended from the Wahuma tribe. Mtesa professed to trace back 
his descent to Kintu (or Ham), the founder of the dynasty. The 
names of the kings are as follows, but I have grave doubts as to the 
list being correct. Kintu (or Ham), Chwa, Kalemala, Kimela, 
Rumaansi, Tembo, Kigala Wampamba, Kaima, Nachibinge, 


* Europeans have exercised so much influence on the people that when 
Mtesa, the late king of Uganda, died, his son Mwanga was placed on the throne 
without any bloodshed. | 
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Mrondo, Sekamanya, Jemba, Suna I., Chimbugwe, Kataréga, 
Mtébe, Juko, Kaemba, Tibandeka, Ndaula, Kagura, Chikurwe, 
Mawaanda, Msanje, Namgaba, — J ungu, Wasaja, Kamanya, 
Suna IT., Mtesa, Mwanga. | 
I must now give a short sketch of Mtesa, the late king of Uganda. 
When I knew him he was about 45 years of age, a splendid man, 
some 6 feet high, well-formed and strongly built. He had an oval 
face, and his features were well cut. He had large mild eyes, but 
if roused. by anger or mirth they were lit up by a dangerous fire. 
He had lost the pure Mhuma features through admixture of negro 
blood, but still retained enough characteristics of that tribe to pre- 
vent all doubt as to his origin. All his movements were very 
graceful ; his hands were slender, well-formed, and supple; he was — 
generally dressed in a simple white Arab kuftan. It is somewhat 
difficult to describe his character; he was intensely proud, very 
egotistical, and until towards the end of his life he thought 
himself to be the greatest king on earth. In his youth, and in 
fact until 1878, there is no doubt that he was very cruel, but an 
illness from which he suffered certainly softened him. His chiefs — 
often said to me—“ Ah, if Mtesa were well, there would be plenty of 
executions.’ It has been said that he was extremely changeable 
and fickle, and to superficial observers he was so; that is to say, 
as far as his intercourse with Europeans went. If; however, one 
looks a little deeper into his character one finds that his apparent 
vacillation was overruled by a fixed idea, which was to benefit his | 
people, increase his own importance, and to get as much as possible - 
out of the strangers who visited his court. This explains his being ~ 
one day afriend to the Arabs, on another to the Protestants, and on 
_@ third to the Catholics. A new comer, especially if he had a 
large caravan, was always the favourite of the hour. It is easy 
enough for anyone to get into Uganda, but to get away again is no 
easy task unless one is going for a fresh supply of goods. Mtesa 
liked Europeans and Arabs to be present at his court; it gave him 
prestige, and he also wished his people to learn as much as they 
could from the white man, for he well knew and appreciated their 
‘superior knowledge. In manner he was courteous and gentlemanly, 
and he could order anyone off to execution with a smile on his 
countenance. His mental capacity was of a very high order. He 
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was shrewd and intelligent; he could read and write Arabic, and 
could speak several native languages, He had a splendid memory, | 
- and enjoyed a good argument very keenly. If he could only get 
- Protestants, Catholics, and Arabs to join in a discussion before him 
he was in his element; and though apparently siding with one or 
other, who might happen to be at the time in his especial favour, he 
took good care to maintain his own ground, and I do not believe 
that he ever really gave up the least bit of his belief in his old 
Pagan ideas. While too shrewd and intelligent to believe in the 
grosser superstitions which find credit among his people, he was yet. 
so superstitious that if he dreamt of any of the gods of his country 
he believed it to be an ill omen, and offered human sacrifices to 
appease the anger of the offended deity. Shortly after I left 
Uganda, he dreamt of his father, and in consequence had 500 people 
put to death. He also believed if he dreamt of any living person it 
was a sign that they meditated treachery, and he condemned them 
forthwith to death. This supposed power of divination is said to 
be hereditary in the royal race. In concluding my remarks about 
Mtesa, I may say that he denied his Wahuma origin; not only, 
however, did his features betray him, but many of the traditions he 
held regarding his ancestors, especially his descent from Ham, point 

conclusively to an origin in the old Christianity of Abyssinia. 
‘When I was in Uganda Mtesa had two or three hundred women 
always residing at his court. He did not know exactly how many 
wives he had, but said that they eteinly numbered 7000. He had 
70 sons and 88 daughters. 

The queen-regent exercises practically the same rights as a king 
‘until her son ascends the throne, and for some little time after a good 
deal of jealousy exists between mother and son, as the mother does 
not like being deprived of her power. The king’s head wife and 
the “ king’s sister” are almost invariably present at the council (see 
later), and certainly exercise a considerable influence over the king. © 
This “ king’s sister ” is appointed by the chiefs, and is credited with 
an immense stock of wisdom. She sits nearthe king to his left, and 
is often appealed to by him when he is called upon to decide difficult 
matters. She also exercises a certain amount of authority in the 
king’s household, and she is not allowed to marry. 


The population of Uganda may be divided into four classes, 
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the lowest class being the slave population, consisting of prisoners 


taken in war and their descendants. They are very well treated, 


but are liable to be sold to Arab slave dealers. The second are the 
Bachopi ; they form the mass of the population, and from them the 
army is recruited, which has made the army of Uganda feared far 
and near. | 

The third class, that of the Batongoli, are recruited from the 
Bachopi, but their honours are not hereditary. They govern the 
provinces, and are obliged to collect a certain number of soldiers 


in time of war. They receive their rank for distinguished bravery 


in the field or for other services rendered to the state. Although 
bearing the same name they are not all of equal rank, as some are 
governors of towns, others only of small villages. The fourth class 
consists of Bakungu, nearly all of whom belong to the Luchiko, or 
council, and are governors of large districts of land. The three 


_ great hereditary chiefs belong to this class. They govern the three 


districts into which Uganda is divided, and naturally take precedence 


over all other members of their class. The prime minister of 


Uganda is appointed by the king. He is called the katikiro; he 

sits next to the king, being also next in authority to him, although | 
he may previously not have been a chief. The privy council is" 
composed of the katikiro, the three hereditary chiefs, and one or 
two other favourites of the king, and the king’s sister. The 
general council consists of all the Bakungu and Batongoli who are 
in residence at the capital,—for the rule is that all must reside there 
in rotation for three months in the year. The other nine months 
they can live where they like, unless required on account of war. — 
The chief brewer and the head cook to the king are also members 
of the great council, and possess a considerable amount of influence. 
Whatever the privy council decides must be carried out, for no 
king dare oppose their decisions. This general council is in attend- 
ance daily at the palace from about nine to twelve, but it does not 
follow that it meets the king every day, as it is summoned and 
dismissed at his good pleasure, although in exceptional cases the 
hereditary chiefs can insist on the council being held. Should the 
king wish for the advice of the privy counci! during the sitting of 
the general council, he summons them close to him, and they con- 
fer in a low tone, their voices being rendered inaudible to those 
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around by the strains of a harp and the song of a musician in 
attendance. | | 

There is no real taxation in Uganda, but the people are compelled 
to render feudal service to all their superiors. Requisitions may 
be made on them for all kinds of produce. All the chiefs are judges, 
and although they have no written laws they manage to administer 
them in a satisfactory manner. There is a right of appeal from the 
Batongoli to that of the mkungu of the district ; from him to the 
katikiro, and finally to the king sitting in council. The katikiro | 
sits in the judgment seat almost every day from seven to nine. If 
a man is charged with any offence, he and his accuser must appear 
before the judge; they can both call witnesses and argue their cause 
in person, but the judge alone has the right to cross-examine witnesses. 

Laws—(A) Land.—The land does not all belong to the chiefs 


although they possess large tracts in their several districts. Anyone 


- may acquire land, either by annexing a piece of unoccrpied property 


or by purchase. Even head slaves are not devarred from this 
privilege. At a man’s death the land desceuds to his sons, the 
eldest son, however, coming in for rather the largest share. 
Daughters do not inherit land ; there is no law, however, to prevent 
a woman from acquiring it, and some of the witches do in fact 
possess land of their own. By law an infant may inherit land, but 
if very young he stands little chance of possessing it, unless he 
belongs to the family of one of the big chiefs. Disputes as to the 
possession of land are settled by the judges, the final decision 
resting with the king in council. | : | 

(B) Game.—Game is not preserved. (For the only customs 
regarding it see Hunting.) | 
— (C) Administration of Justice.—The courts held are conducted in 
avery orderly manner. There is no difference between civil and 
criminal procedure. The accuser and accused must always be present 
in person. Torture is not practised on uncondemned persons. 

(D) Punishments.—Punishments are inflicted by order of the 
judge, and are executed by regular executioners, or the judge may 
appoint any of the bystanders to carry out his orders. At the 
capital the king has a regular army of executioners. They are 
known by their insignia of office, which is a fringe mask and a coil 
of rope worn as a turban. 
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People are put to death in various ways, strangling and behead- 
ing being the most common. Sometimes, however, the criminals are 
slowly bled to death; they are gashed with tiger-grass splinters, care — 
being taken to avoid the main arteries, or they are tied to a pole, 
gradually mutilated, cut to pieces, and literally thrown piecemeal 
to the vultures. Occasionally persons are burned to death. If a 
person is strangled or beheaded, the body lies where it falls to serve 
as a warning to evil-doers ; no one is permitted to remove it on pain 
of death. Adultery and murder are, as a rule, punished by death, 
but generally the payment of a heavy fine is considered sufficient for 
the latter crime. The hand, nose, or cars may be cut off for theft, 
the hand being disarticulated at the wrist-joint. One meets a consi-. 
derable number of people minus nose or ears, the loss of which is 
considered a great disgrace, not so much for the fault which has 
been committed, but for having been found’out. Small offences are 
punished by the stocks or by flagellation. Prisoners may be said to 
be unknown. On the whole, justice is administered fairly, but the 
punishments tend towards severity. This is especially the case after 
an appeal to the higher courts. | 

Causes that Limit Population—1. Conditions of Marriage.— 
Youths of about 16 and girls of 14 marry, but there are no restric- 
tions to marriage at any age after arriving at puberty, if the husband 
has enough property to pay the dowry. Owing to the frequency of 
polygamy, however, a large number of the poorer men are unable to . 
marry, and this notwithstanding the larger excess of females over 
males, being about 34 to 1. This preponderance of females over 
males is due to three causes—(1) more females are born than males; — 
(2) a great number of males are killed in war; and (3) there is a 
constant influx of women into the country as prisoners of war. I 
have made some observations with regard to the excess of female 
births which may be of interest, namely, that the very great pro- 
portion of children born of newly-caught female slaves are girls. 
This point is all the more noticeable, because I found that it is 
only in the first births that girls predominate so largely over boys. 
To make this clear, I may give the following figures:—Of 300 
Waganda women observed 9, or 3 per cent., appeared to be sterile ; 
291 had children. The male first births were 144, the female first 
births were 147. Of 500 women who had been captured, 12 only, 
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or 3°6 per cent., appeared to be sterile; and the number of male 

first births was 79, of female 403. In the subsequent births, how- 

ever, male and female children born were nearly equal in number, 
the females being only slightly in excess. 

Of the whole 800 women observed 69 had 4 children, 3 had 5, 

3 had 6, 3 had 7, 

2. Separation of Husband and Wife. —Although in : fhe poorer 

families the women are prolific, it being common enough to meet 
with mothers of six or seven children, yet on account of polygamy 
most of the women have only one or two. It is the custom, 
except in the lowest class of society, fora woman to separate from 
_ her husband from the time of her pregnancy until she has weaned 
her child, and this is not done until it is two years old. Even in 
the lowest class a few months separation is usual. 
_ Chiefs who have very large harems have establishments in the 
country to which their women are banished during this period, and 
in them they are strictly watched. In sexual matters they are very 
cleanly, regular ablutions being rigorously prescribed. 

3. Loss of Infant Life.—Still births are very rare, and infant 
mortality is very slight. Infanticide is never practised, but miscar- 
riages, said by the natives to be due to syphilis, are not infrequent. 

Treatment of Widows.—As the custom obtains for the eldest son 
to marry all his father’s widows, with the exception of his own 
mother, they do not suffer much by the loss of their husbands. At 
the present time no women are sacrificed at their husband’s graves, 
but there is a tradition that at one time some of the widows of 
kings and hereditary chiefs were tied up in the enclosures round 

their husband’s graves and starved to death. 
~The women age at a comparatively early period, and are then 
compelled to do more field work, &c., than women in the prime of 
life, | 

Education of Children.—The children in Uganda are very well © 
bebaved. Their education commences at an early age, and they are 
taught to follow the occupations of their parents, Fighting, danc- 
ing, and music are taught to children of six or seven. Strict 
obedience and respect to their elders are rigorously inculcated, but 
the children are happy merry little things notwithstanding. I was 
much struck by the way in which they amused themselves. Instead 
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of making senseless mud pies, I used to see them making miniature 


villages, copies of mountains, rough models of men and animals of 
clay, and I was surprised to see how neatly they constructed the 


miniature huts, which were almost exact copies of the dwellings 
around them. They would be thus employed for hours together, 
day after day, and would persevere until their models were complete. 
When strangers visit their parents they sit at a little distance 
listening to the conversation, but ever ready to run on any errand 
that may be required. | 

The children inhabit the same bike with their parents, but in 
many of the huts a sleeping room is partitioned off for them. 

Slavery.—Slavery has existed in Uganda from time immemorial. 
The slaves are captives made in war and their descendants. The 
number of slaves held varies necessarily with the position and 
wealth of the owner. They are well treated, and their lot is by no 


_ means a degraded one; they have definite rights, and although a 


master may kill a slave, public opinion is against such practice. 


_ The head slaves are allowed to marry and to hold slaves themselves, 
whom they may sell or exchange, but their own descendants belong 


to their master. About 1000 slaves are exported annually from 


‘Uganda; they consist of boys and young men and a small pro- 
portion of young girls. Female slaves are as a rule incorporated 


into the harems of the Waganda. The price of slaves is steadily 
increasing, and is about four times as high now as it was ten years 
ago. The slave population is diminishing, and the Waganda are 
beginning to feel that the exportation of slaves must cease, for if 
not, they will be compelled to do manual work themselves, which 


work they strongly object to. 


Games and Amusements.—Men and women, boys and girls, amuse 
themselves by singing and dancing, and there are frequent enter- 
tainments in the villages at night. The two sexes dance separately, 
not in couples. The dances are accompanied by music, and some ~ 


of the figure dancing is very graceful. A shuffle dance is also per- 


formed singly or in groups. The performers advance or recede with 
knees slightly bent, the arms stiffly held by the sides, with tho 
hands stretched out, and the palms downwards. Every muscle in 
the body is brought into action, and it is so exhausting that it can 
only be kept up for two or three minutes. This dance seems to 
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afford considerable pleasure to the people, and a good dancer, that 


is one who can keep up for a long time, is much in request, some 
of the chiefs even maintaining professional dancing boys. _ 
' Boys also are incited to kicking matches, at which they exhibit 


considerable agility. They endeavour to strike with the sole of ; 
their foot, no sandals being permitted. Wrestling matches are also — 


very common. The right hand may at first be only used until a 


good grip is obtained, the left being held behind the back. As 


well as affording amusement, wrestling is practised to settle dis- 
putes; in such cases an umpire is often appointed by the two 
disputants. 
The Waganda are exceedingly good story tellers, and wile away 
many an hour by relating anecdotes in turn. The stories treat of 
all kinds of incidents, grave and gay, decent and the reverse. The 
following stories will serve to illustrate their style, as well as to 
afford some information on other matters | 
1. A hunter had been very unsuccessful for a long time. He 
was sitting in his hut one day with his wives and children, because 
a terrible storm raged through the forest; presently a bird flew in 
for shelter, and the children seeing this tried to catch it. The 


hunter, however, took its part, and. forbade the children to touch it. 


When the storm had passed away, the bird said to the hunter, “I 
will help you now; you are a kind man. I will fly before you, and 
lead you to the prey;” and it did so, and the hunter rejoiced. 

2. A chief once had a favourite wife, to whom he committed the 
care of all he had. Even his other wives, and they were very 
numerous, were under her control. He returned home from hunt- 
ing one day, and called his wife, but she had disappeared mysteri- 
ously, and was nowhere to be found. This loss was a great grief 
to him; his household was disordered, and his other wives 
quarrelled. He was in despair, when one day, as he was walking in 
the forest and thinking of his lost wife, he cried aloud, ‘Oh! my 
treasure, could I but find you.” A honey bird flew to him, and said, 
“Your wife is in the sky.” For a moment he was overjoyed, but 
then became more sorrowful than ever, for, although he might seek 
throughout the forest, he could not climb the clouds, A rat then 
came to his aid, telling him of a tree that grew very quickly, and 
offering to show it tohim. He followed the rat through the forest, 
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until he came to a tree which was visibly growing, and the top of 
which had almost passed out of sight. At the rat’s bidding he 
climbed the tree, and the honey bird kept him company and 
encouraged him. As he climbed higher so the tree grew, till at 
length far above the clouds he landed in the spirit world. The 
spirits asked him what he required, and he begged for his wife, who 
was given him as a reward for his perseverance, and they descended 
the tree together. Then he rewarded the rat and the honey bird. 
Some time afterwards the chief went to look for the tree, but it had 
vanished. 

3. One night a man was returning to his home from a feast, at 
which he had eaten largely and drunk much mwengi. He was very 
tired and sat down to rest; he fell asleep, and when he awoke he 
found that his torch had gone out, and it being very dark he could 
not find his way. As he wandered hither and thither in the forest 
a jackal met him, and asked him where he was going. “I am 
trying to find my way home,” said he. The jackal offered to run | 
on before and show him the right path ; he accepted the offer, and 
they went a considerable distance together. The man then asked 
the jackal if he were near home. “Yes,” was the reply ; “ you will 
‘soon be home; you have feasted, and now we will feast.” Having 
said this he called out “Lion! lion!” and with a loud roar a lion 
sprang on the man and killed him ; so the lion and the jackal got a 
good meal. 

4, Two men once had a iia: as to which was the most 
successful liar. The one proposed that they should each tell lies, 
and that the one who told the best should be acknowledged by the 
other as the most clever. His friend agreed, and asked him to begin. 
So he told a number of outrageous lies, and then said to his 
friend, ‘‘ Now how do you propose to beat me?” “Easily,” said he ; 
“everything that you have said is true; now that i is the biggest lie.” 
Then they both burst out laughing. : 

5. Some driver ants once invaded a man’s hut. He was so 
angry that he killed a great number by setting some grass on fire. 
The ants went away, but held a council of war, and their leader 
addressed them, and said, ‘A man, because of his great size, injures 
us, for he thinks that we are small; he is cruel, so we must punish 
him.” Messengers were then sent by the ants far and wide, and at 
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the appointed time, the next new moon, they assembled in great | 
numbers, so great that they could not be counted. Several leaders 


were then appointed and they attacked their enemy’s hut, which was 
soon all “eaten up.” The man, his wives, and his children, were 
also not spared. Know then that the big should not ill-treat the little. 
_ The children are sometimes amused by having tales told them on 
their fingers. The following string of words for instance, is told off 
on the five fingers. Mkazi, nyumba, mulongo, toki, mwengi. This 
_ is probably intended to illustrate the five wants of a Mganda, for it 
means a woman, a hut, twins, bananas, and wine. , 
The only real Waganda game is called mweso. It is played ona 
board containing thirty-two holes, and stones, coffee-berries, or beads 
are used. The people will play this game for hours on end, but I 
am sorry to say that I cannot explain it; it was too difficult for 
me to comprehend. All I know is that two players move the stones 
from one hole to another under certain conditions, and under other 


conditions the one player confiscates the stones of another. That 


the game is an exciting one may be drawn from the fact that the 
players are often as furious as crusty old whist players, and that a 
crowd collects to see the play. They are not, however, allowed to 
comment on the game until it is finished. 

Music.—The Waganda possess a decided genius for music, and 
are very clever in picking up new tunes. Their voices are soft, 
clear, and melodious, and of considerable range. They have a great 
variety of tunes, orchestral, dance, and vocal music having distinct 
characteristics. They prefer their songs to be accompanied, but are 
- quite capable of keeping in tune without this aid. They have solos 
and choruses, and many of their musicians improvise readily. Their 
bands are led by conductors, and some of them number 40 or. 50 
performers. The king and chiefs have professional singers in their 
employment and private orchestras of stringed instruments, but they 
are mostly composed of the Wasoga, who are the best harpists in 
Central Africa. 

The Waganda have songs suited to various occasions—love songs, 
war songs, dirges, and songs to illustrate many of their traditions. 
The following two songs were translated by the Rev. C. T. Wilson, 


the first being in praise of Mtesa, and the second a lamentation over 
some dead chiefs. 
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Thy feet are hammers, 
Son of the forest. * 
Great is the fear of thee; 
Great is thy wrath ; 
Great is thy peace ; 
Great is thy power. 


Oh, separator! + 

O, Sematimba ! 

They tied goats ; 

They tied goats for him in vain. 
_ Son of a king, 

He has no pride. 

He freely gives plantain wine. 


Lubinga! Lubinga ! 
Him of whom I speak, 
He has no pride. 
For he freely gives plantain wine. 
Mkwenda! Mkwenda! 
Whose home is Chikongi. ¢ 
- Him of whom I speak, 
He has no pride. 
For he freely g gives plantain wine. 


Musical Instruments—(1) Harmonicon (Madinda).—This consists _ 
of twelve to twenty pieces of hard resonant wood which are scooped 
out in the middle and rested on two ‘parallel logs. This instrument 
has the greatest compass of any in Uganda. It is played by two 
performers, who squat on each side of it and strike the logs with 
drum sticks. A chord of four notes can be played at once. 

(2) Rattles.—These are simply gourds filled with small stones or 
beads, and they are shaken in time to the music. Small bells are 


also used suspended to the wrists and ankles. 


(3) Drums.—The people are very proud of their drums, of which 
they have various sizes, from small cylindrical instruments, open 
at one end and closed at the other by python skin, which are held 
under the arm and struck with the fingers or hand, to huge drums, 
formed like kettle drums, which require half a dozen men to carry 


them, and are beaten with drum sticks. The wooden logs of which 


* A synonym for the lion, which is the emblem of orig. 
tA synonym for death. 
t Chikongi is the place where he is buried. 
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the drums are made are shaped and hollowed out with the axe. 
The king’s great war drum is said to be very old, and is guarded 
night and day. Covers made of tanned hide, are used to protect the 
‘drums from the influence of the weather. Many of the drums are 
provided with cords to tighten them up when needed. 

(4) Horns.—Various sizes are used, made out of elephants’ tusks - 
(rare), or the horns of antelopes. The tips are cut off, and thcy are 
blown from the side, but two notes can be produced by closing the 
hole at the tip with the finger. These horns are also used to convey 
orders on the march and in battle. 

(5) Whistles,—Although all the Waganda can whistle with their 
fingers, they have small wooden whistles, with two or three notes. 
These are blown from the end, and they carry them suspended round 
the neck by a string. 

(6) Flutes, which are blown from the end, have two to four notes ; 
_ they are either made of reeds or hard wood, and are highly polished. 

(7) Harps are constructed as follows :—A’ basin-shaped piece of 
hard wood is taken and covered with python skin or the skin of a 
water lizard, so as to form a sounding box. To this box is fastened 
a long curved arm, in the upper portion of which six to eight pegs 
are inserted, to which the strings are attached so that they can be 
tuned just like a violin. The other ends of the strings aré’ fastened 
toa strip of wood which spans the centre of the sounding box. 
The twisted strips of intestines of either the goat or sheep are used 
to make the strings. The instrument is played sc the fingers of 
both hands. 

All these instruments have only while tones, but that the 
Waganda can appreciate semi-tones is proved by the ready way in| 
which they distinguish them when they hear European music, — 
The instruments are always ornamented with plumes, beads, bangles, — 
&c., and the performers array themselves in very striking attire, 


with monkey or goat skins round their shoulders, and goats’ beards . _ 


attached to their chins. 

It is impossible for me to describe the effect produced by sixty 
or seventy of the above varied instruments,—one of the king’s bands, 
for instance,—but it is melodious, although fantastical and weird. 
Roving minstrels are always to be found present on occasions of 
festivity. They both extemporise songs in honour of the event, 
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generally managing to bring in a few verses flattering to the host, 
which are always much applauded by the guests, and also sing songs 
_ which have been handed down by tradition, and are well known by 
all the people and often called for. Comic songs are also much in 
request, and are greeted by roars of laughter from the audience, but 
- many of them are very lewd. These bards, as well as being supplied 
with as much food and drink as they can consume, are rewarded for 
their services by a present of cowries, mbugu, or even a goat. The 
songs which pleased me most were those in which solo and chorus ~ 
followed each other in rapid succession; the pleasing effect was 
heightened by the surroundings, for generally these gatherings take 
place under spreading trees, lit up by the silvery light of the moon 
or the ruddy glare of enormous bonfires. 
_ Mtesa’s envoys who accompanied me to England had their harps 
with them, and I was often surprised to hear them, after they had 
retired for the night, persevering until they had reproduced some 
catching melody they had heard during the day. One of them was 
very fond of sitting down to the piano, and managed to learn in a 
few days to play two or three simple tunes. 

Trade.—There is not very much home trade in alain and it 
is limited to the barter of native manufactures. Several times a 
year caravans arrive from Zanzibar, bringing calico of various 
qualities, guns of cheap Belgian manufacture, powder mostly made 
in Germany and of a very bad quality, files, knives, needles, 
- coloured pocket handkerchiefs, suits of Arabic clothes and cowries, 
&c. These articles they exchange for ivory and slaves. This 
foreign trade has increased immensely during the iast ten years, and 
the people are already beginning to feel the necessity of finding 
some other commodity with which to procure foreign produce. 
Ivory is becoming scarce, the price of slaves is rising enormously, 
and little by little the people are beginning to understand that 
_ either they will have to work themselves or else stop the exportation 
of slaves, of whom about 1000 are exported annually. When an 
Arab caravan first arrives in Uganda, it is etiquette for the leader 
to first pay a visit to the king, make him a present, and at the same 
time give him a list professedly of the whole contents of his caravan. 
He also gives presents to the katikiro and the three hereditary 
chiefs. The king and his council then decide what guns and 
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amunition they will buy for the State, and a week or two is generally 
occupied in coming to terms with the trader and in paying the 
stipulated price. The Arabs generally ask about five times the 
amount that they intend finally to accept. They are usually paid 
for the Government goods in,ivory. As soon as this State business 
is concluded, the king and the principal chiefs make their private 
purchases, and it is only when they are satisfied that the trader is 
allowed to dispose of his remaining stock to all comers, About two 
months are required by the Arabs to dispose of all their goods, and 
the Government always provides them with canoes to transport the 
ivory and slaves they have obtained, from Ntebbi, the port near the 
capital Rubaga, to Kagei, at the south end of the lake. The large 
traders in Unyanyembe have agents constantly residing in Uganda, 
who generally collect ivory and slaves to be ready for the arrival of 
the caravans, and otherwise look after their interests. It was these 
agents who had a good deal of influence with Mtesa, and who try © 
to make the sojourn of Europeans in Uganda as unpleasant as 
_ possible, for they fear that their business will be spoilt, especially 
that in slaves, by the introduction of European commerce. 
Formerly a small trade was carried on with the Soudan; coffee, | 
tobacco, mbugu, and cattle were exchanged for fezes, calico, and red 
slippers, but the withdrawal of the — from =e put a a 
stop to this traffic, | 

Strangers residing in the country were, until quite recently, pro- 
hibited from buying produce (sce Treatment of Strangers). _ 

- No fairs are held, but at the capital a very primitive sort of 
market is held daily. _ 

Money.—Exchangeable Values. —_The king and a few of the richest 
chiefs possess Maria Theresa dollars, but they are seldom used as 
money. The standard value of. an article may be said to be | 
reckoned by a string of 100 cowries or an arm’s length of calico. 
Beads, hoes, salt, and fish are also employed as mediums of 
exchange. 

A fat cow costs about 2500 cowries, or three arms’ lengths of 
cloth, or two needles, or a small box of percussion caps, or 20 charges — 
of powder. A young slave boy is worth 100 percussion caps, 4 
needles, or about 4000 cowries, whereas a young slave girl is worth 


about a third more, and a full grown female slave costs about 
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double. A man’s load of bananas costs about 50 cowries, a fowl 
5 or 10 cowries, a sheep or goat from 500 to 800 cowries. A 
wedding dowry is usually made up of equal quantities of produce, 
e.g., 50 slaves, 50 cows, 50 goats, 50 mbugus, 50 loads of bananas, 
50 jars of-beer, dc., é&c., and fines are paid in the same way. It is 
also a common custom, if a chief is found fault with by the king, for 
him to give equal proportions of everything which Uganda produces 
as a peace-offering. | 

Weights and Measures. —The only measures walk! in are 
the span of the hand, the cubit, and an arm’s length, and, with the 
exception of one balance at the capital used for weighing ivory, no 
weights are in existence. Capacity is measured by handfuls, and 
_also by baskets and jars of various sizes, the largest containing 
about two gallons. ‘Tallies and counters are used (see Arithmetic). 

Communications,—U ganda is the only country that I know of in 
Central Africa where an attempt is made to facilitate communica- 
tions between one part of the land and another by real roads, 
Another remarkable fact is, that nearly all the roads are straight, 
and lead in direct lines through forests and over hills, Some of the 
principal roads are 80 feet broad, and the narrowest are not less 
than 25. I believe that King Suna IL introduced roadmaking into 
Uganda, and since then they have been regularly maintained. The 
heads of villages are all responsible for certain portions of the roads, 
and the king sends out inspectors from time to time to see that the 
work is properly done. 

Should a swamp have to be crossed, causeways are constructed, 
with bridges at intervals formed by the trunks of trees, to give free 
passage to the streams which filter through them; and sometimes 
corduroy roads are even met with. | 

No metal is placed on the road. With the iain of the small 
bridges just mentioned, the only bridge known in Uganda is the 
usual primitive tree bridge. At most of the creeks ferry boats may 
be found, but these are in nearly all cases private undertakings, 
passengers being expected to pay a small fee, Heavy weights are ~ 
carried slung to poles which men carry on their shoulders, sometimes 
four or six men together, Persons are carried either sitting straddle- 
legs over the shoulders, or else on a rough stretcher carried on the 
shoulders of twomen. The king’s daughters, and the head wives of 
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some of the principal chiefs, are usually carried in the former manner. 
No animals are used as beasts of burden. There are no inns, and 
travellers are obliged to obtain accommodation as best they may. 
Heavy weights, such as the trunks of trees, are hauled along the 
ground by ropes attached to them. The men pull by word of 
command. The use of levers is also understood to a limited extent. 
Treatment of Foreigners.—Until the novelty of their presence has 
passed off, foreigners are well treated in Uganda.. They are con- 
sidered the guests of the king, and huts are provided for their use at 
the capital. There was, however, a difficulty in obtaining food when’ 
I was there, as no one was permitted to sell anything to the king’s 
guests. I believe that to some extent this prohibition has been re-. 
laxed. The late King Mtesa liked having strangers present at his 
- court ; not so however the chiefs, who greatly feared their influence.* 
Strangers travelling through the country, accompanied by an 
escort from the king, are always sure of obtaining good accommoda- 
tion, as the escort goes to the best hut in the village, turns the’ 
inhabitants out, and takes possession of it for the time being. The 
people are, however, hospitable, and endeavour to make one as 
comfortable as circumstances will permit. Foreigners are not 
permitted to enter Uganda without permission of the king; they 
are compelled to halt at the first village until it is granted. One or 
two of the king’s pages, bearing a drum and flag as marks of 
authority, are usually sent with a requisite number of porters to 
transport the stranger and his goods to the capital; but it is not 
etiquette for this to be done rapidly, and circuitous routes are always 
chosen, and the halts made are frequent and tantalising. The traveller 
is also constantly annoyed by the frequent disputes between his 
escort and the villagers, which sometimes end in blows, and it 
requires great tact on his part to keep the peace. The king’s pages 
are overbearing, and treat the villagers abominably, requiring them 
to perform impossibilities, and beating them if they refuse. On one 
occasion, when travelling with a very small escort, I nearly lost my 
life through their plundering propensities, The drummer, who 
marches at the head of the caravan, gets the head of any cow that 
may be killed for food on the march as a perquisite, 


*The objection of the chiefs to foreigners has lately culminated in the 
murder of Bishop Hannington on the borders of Uganda. 
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The Waganda are admirable porters, taking great care of ov 
goods committed to their charge. When they halt for the night 
huts are built for the goods to protect them from the rain, and 
although you may not see your goods for several days together, yet 
they will be invariably delivered up to you at the end of the 
journey in good condition. 

Foreign Influence.—The Suaheli language has been extensively 
introduced into the country by the Arab traders from Zanzibar. 
The use of chairs and stools is appreciated by many of the chiefs, 
and a good many articles of European manufacture are gradually 
finding their way into the country. The number of firearms is 
yearly 

Marriages.—Polygamy is universal, and even the poorest 
peasant does his best to obtain more than one wife. The marriages | 
are contracted rather early, and, strictly speaking, marriage is a 
bargain between the bridegroom and the father of the bride. The 
usual price for a wife amongst the lower orders is three or four 
oxen or six needles, or the equivalent in cowries. The price rises 
according to the rank. The only restriction on marriage is the in- 
ability to pay the dowry. The chiefs have very large harems. The 
marriage ceremonies are of a very primitive character, if they can 
be called ceremonies at all. In many cases the young husband 
simply erects his hut, and having paid the dowry, takes his wife 
home with him. More rarely, however, the preliminaries having 
been settled, the friends of both parties meet in the bride’s hut, 
where a dinner is provided by her father. The afternoon and 
evening are spent in dancing, singing, and drinking, after which 
the bride and bridegroom are conducted by their friends to their 
hut, the door of which is then closed, while the friends remain 
outside and carouse throughout most of the night. The next 
morning they congratulate the newly married pair, who then 
proceed to give a feast. The songs on these occasions celebrate 
the joys of marriage, and detail the duties of husbands and wives. 
Marriages between relations are not forbidden, and brothers some- 
times marry their sisters. 

In large establishments separate huts. are appropriated to the 
women, but in no case does a single wife have a hut to herself. 
The wives are very jealous of one another, and only the head wives 


3 
4 
i 
iad 


of Edinburgh, Session 1885-86. 157 


have definite privileges, In large establishments the favourite 
for the day wears some distinguishing ornament; in some cases 
it is a small bell hung round the neck. 

‘Divorce is unknown, for if a wife misbehave herself she is 
executed. Notwithstanding this strin gent law, an immense amount 


of immorality prevails. There is no class of courtesans, such as 


exists in the neighbouring country of Unyoro, where an atapoente 
system is 1n vogue. 

The condition of women in Uganda is a very pitiable and 
degraded one, as, with the exception of one or two favourite wives, 
they are mostly devoted toa monotonous and hardworking existence. 

Births.—In ordinary circumstances, women are delivered in their 
usual huts, being assisted by a few female friends, men and 
- children being excluded. The woman is delivered on her back, her 
legs being placed against the wall of the hut. In difficult cases 
medicine-men are called in, but I was unable to ascertain whether 
their aid was successful except in the cases in which they perform 
abdominal section.* 
_ For a few days before a woman expects her labour, she eats very 
little food and abstains from exercise. During and after labour 

frequent ablutions are performed, and the child is washed and oiled 
3 soon after birth, and then at once put to the breast. Should the 
mother’s milk be small in quantity, an application of some chewed 
root is applied to the breasts, which is said to be a very valuable 
galactagogue. Jn primapara, the nipples are always drawn out by 
the woman’s friends some days before they will be required. In 
the large establishments of the chiefs an old woman has charge of 
the women, and acts as head midwife. After labour the women 
are not expected to work for about fourteen days. 

The navel cord is preserved, and in the case of the king and 


chiefs it is covered with beadwork ornaments. The king’s navel © 
_ cord is committed to a chief of high rank, and he brings it to 


court on special occasions. The placenta is buried outside of the 
hut, that of males on the one side, of females on the other. 


Births are celebrated by great rejoicings amongst the relations, 


but should twins be born the whole of the villagers assemble on the 
fifth or sixth day at the hut in which the woman and children live. 


* For a successful case of which, see Obstet. Trans. Edin., vol. ix. p. 28. 
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It is considered a very lucky event for the whole village, and the 
general congratulations are hearty and prolonged. The women and 
girls deck themselves with flowers, tie banana leaves round their 
waists, and dance round drums, singing meanwhile a song adapted 
to the occasion. The rest of the company sit in groups, watching | 
the dancers, drinking beer, and smoking. The father makes the 
round of the groups to. receive the congratulations of his friends, 
the mother sitting in the meantime with her child at the door of 
the hut, where, one by one, the guests congratulate her. During a 
pause in the dancing the people assemble in a semicircle round the 
happy mother, and the eldest grandfather takes the child, and holding 
it up, cries out, “Its name is so-and-so,” ¢.g., Mwenda or Kataruba. 
This is greeted with the shouts of “‘Mwenda, may he live happy, 
may he be brave, may he have many wives, may he become 
great,” and such-like good wishes for the child’s future. A 
Waganda child receives only one name, but the variety of names 
among them is very great. The names of gods, animals, and 
insects are often given. The king, however, and the chiefs, 
although at first possessing only one name, gradually acquire 
more, as after each feat of arms or special event in their lives a 
significant name is given to them, and for this reason I doubt 
whether the list of kings I have given is correct; I suspect that 
more than one name has been given to one king in the list. I 
never heard two lists agree exactly. 

Deaths.—When a man dies, a messenger is sent round to his 
friends to summon them to the funeral, which always takes place 
within twelve hours after his decease. The body is not embalmed, 
but simply wrapped in mbugu cloth, during which process his 
friends sing funeral dirges, and a minstrel is often engaged to sing 
an extempore eulogy of the man’s life. The body is then carried 
— into a jungle, where it is buried in a deep grave. Nothing is buried 
with the body. The friends then generally return to the dead man’s 
hut, where a cow is killed, and a funeral feast takes place. If 
a chief dies, his body is placed in a coffin, and the mourning and 
funeral festivities last three or four days. The kings and their 
mothers are the only persons to whose memory monuments are erected. 
_ Their graves.are prepared as follows :—A large square hole is dug, at 
the bottom of which are laid Jayer after layer of mbugu, skins, 
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and calico; in order to get enough of the latter commodity, all 


the chiefs are compelled to contribute largely, and all merchants or 


strangers who may happen to be in the country are expected to give 
presents. On the top of these cloths the coffin is placed, and is 


surrounded and covered by other layers of the same materials. Earth 


is then piled over them, and a hut is erected over the spot, and 
enclosed in a strong fence made of tiger grass. When all is completed, 
a sacrifice of many hundred slaves is offered. From time to time 
these huts are renewed, and a fresh sacrifice is then made, the victims 
being always beheaded. When a slave dies he is simply thrown out 

into the jungle. Most women are buried without any ceremony 
whatever. 

Superstitions. —The Waganda are encemivily superstitious, and a 
thorough examination of their superstitions would, I am convinced, 
reveal much that is curious and interesting. I am not able to do 
full justice to this theme, as a long residence in a country is 
necessary to enable one to collect any save the most superficial 


information. The Waganda lay great weight on dreams; they | 


imagine that in them future events are depicted, that impending 
evil may be avoided by attention to nocturnal warnings, and that the 
names or faces of those who would do them harm are revealed with 
_ unerring accuracy in the night watches. Consequently their daily 
life is influenced by these dreams, but, notwithstanding this, they 


are not, save under exceptional circumstances, very’ superstitious of — 


their neighbours. They appear to think that harm is more likely to 
~ accrue to them from the numerous sprites which inhabit the trees or 
bask on the banks of the streams, or from the denizens of the sun, 
the moon, and the stars. The demons, who are supposed to dwell on 
the opposite side of the lake, are believed to have the power of 
-spiriting away Waganda; and should any one be lost in an un- 
explained manner, they say that the demons have carried him off. 
Some animals too are supposed to have an evil character, others to 


possess virtues for guarding and directing men. There are numerous. 


stories in which animals play a leading part, by either aiding or 
punishing men. Thunder and lightning may be said to be wor- 
shipped, and most diseases are referred to some deity or demon. 


__ If going on a journey or even for a walk, it is considered unlucky 


to turn back for any article; the Waganda also return by a 
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| different path from the one taken in going. Should they stumble 
when walking, it is a sign of bad luck ; and the leader of a party 
who notices any impediment in the path strikes it as a warning to 
those following him, and each man as he passes repeats the signal. . 
Some people are supposed to possess the power of the evil eye, and 
are dreaded in consequence. They are so much dreaded, in fact, 
that the peopie are afraid to harm them for fear of their revenge. 
Rain is believed to be given and withheld by some inhabitant of | 
the spirit world, and the failure of increase in their herds or crops 
is attributed to the same cause, The fertility of women, cattle, 
and the fields may be ensured, they think, by proper offerings to 
the respective deities who overrule their destinies, It is not to be 
wondered at, if people given to so much superstition, resort to 
magic in their troubles. Medicine-men are to be found in great 
numbers in Uganda, and a few witches of high repute dwell 
scattered throughout the land. These persons are all powerful, 
though naturally some are more celebrated than others. They 
profess to interpret dreams, to make rain and withhold it, to cure 
disease and to induce it, to discover stolen articles and to indicate 
the thief. They also intimate to their clients that they are able 
to influence the deities for good or ill—of course, all for a con- 
sideration. They often amass great wealth, and form a mighty 
power in the land. It is from these magicians that the Waganda 
obtain the numerous charms, which they believe to possess the 
power of protecting their persons and belongings from injury. 
Charms are used to keep their dwellings from fire, and their 
possessions from thieves; others to ward off sickness, or to cure 
disease. Some are celebrated for their. power over the bites of 
venomous snakes; others are supposed to direct the flight of | 
spear or arrow, while still others make their wives faithful and 
their cattle prolific. Some charms secure to a suppliant the grant 
of a favour, and some are used by women in the form of an oint- 
ment, with which they smear their bodies, in order to gain their 
husband’s special favour. Most of the charms are simple in con- 
struction, but they are manufactured with due mysterious secrecy, — 
in some remote forest glade at dead of night on the appearance of 
the new moon. The magicians are’ most careful that no prying 
_ eye shall watch their manipulations; in their retreats they construct 
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small huts surrounded by strong tall fences, and in this solitude 
they perform their mystic rites. | 

The charms are made of the claws, the teeth, or the horns of 
animals, often blended into fantastic ornaments highly decorated 
by beadwork. Others consist of cunningly-devised powders 
- containing numerous ingredients, such as burnt roots and bark and 
leaves, the nails of dead men, tufts of hair, and sometimes teeth. 
These powders are either placed in horns, usually closed by python 
skin, or else they are packed in small neatly made boxes covered 
by skin. Charms are;hung round the waist or the neck, suspended 
to the rafters of the huts or over the doorway, or else may be they 
are hung to the branch of some mighty forest tree, supposed to be 
inhabited by a sprite ; others again are cast into the streams or 
lake to propitiate some offended river deity. 

Besides the charms which these magicians retail to their dupes, 
they profess to possess special ones which never go out of their 


‘possession. These they use only on rare and important occasions ; 


for instance, should a great chief be sick, they bring the charms to 
his hut that they may cure him. 

A great many national charms also exist in Uganda, which are 
regarded as most sacred ; huts are provided for their accommodation 
near the royal palace, and special custodians are appointed to guard 
them night and day. Some drums and horns are also supposed to 
possess the special power of striking dread into the hearts of 
national enemies. Should any great war be undertaken, these 
charms are brought before the king, and should untoward news 
arrive from an army in the field, it is not unusual for some of 


them to be sent to aid by their subtle spell the wavering troops. 


The Waganda take good care to let their opponents know of their 
presence, hoping by this means to gain a victory all the sooner. 

- As I before mentioned (see Pathology), some of the magicians 
practise as doctors, and far be it from me to depreciate their skill, for 
I am sure, after repeated observation, that many of the drugs they 


use are active remedies, and that they are administered with con- — 


siderable insight and skill. 

Religion.—It is very difficult to know what the Waganda really 
- think about death and departed friends, and one would be inclined 
to say that they think nothing of a life after death, were it not that 
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indirect evidence seems to prove that they do not think that death 
means annihilation, but have an idea that a man’s life influences a 
future state, and that the departed can exert an influence on men 
and events. At least many of their traditions go to prove the pre- | 
valence of this belief, and several of their ancient kings are said to 
be more or less powerful spirits, who are engaged in watching with © 
interest the actions of their descendants, and are able to overrule 
the fate of those who honour their — and. make periodical 
offerings at their graves. 
The Waganda have no images or outward en of their gods, 
but they hold that the world was created by the great Spirit 
_ Katonda, who is said to have been well pleased with his work, 
but to be far too mighty to take’any personal interest in the world 
he has made. They therefore do not worship him, but offer their 
_ gifts to the lesser gods or demons to whom he relinquished the rule of 
the world. At least one of these is supposed to be able to depute 
his power to mortals, namely, Mugasa, the god of the lake. He is 
a kind of N eptune, and lives in and rules over the Victoria Nyanza. 
Occasionally he is believed to take up his abode either in a man 
or woman, who is greatly feared and respected by both king, chiefs, 
and common people, and is from time to time consulted by them. 
This oracle can order or prevent war; a word from it is supposed to 
cure sickness or prevent it, and it has the power of withholding rain 
- or causing famine. Large presents must be given to the: person 
who is supposed to be the incorporation of this spirit whenever 
advice is asked. Before the Waganda venture to undertake a 
voyage on the lake they place some food on a paddle, and say a 
short prayer, asking for protection on the way and a safe return ; 
they then throw the fruit into the lake, and start on their journey. 
The god to whom is ascribed the power over smallpox, Ndaula,* is 
another much-feared spirit, who is said to live on the snow-clad 
summit of Mount Gambaragara. There is also a thunder spirit, 
to whom are erected arches or else little huts over every place that 
has been struck by lightning (which is very much dreaded), and 
strangers are forbidden to approach nearthem. When, however, the 
huts fall to pieces they are not rebuilt. In several places river deities 
are supposed to live, and should the king or one of the three hereditary 
* This god is supposed to be identical with the former king of Uganda. 
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chiefs dream of them, it is customary to offer human sacrifices to 
them. On such occasions the executioners will be commanded to 
catch a hundred or so individuals; they rush madly through the 
streets, seize any one they may happen to find, and when a sufficient 
number are collected together they lead them to the supposed 
residence of the spirit, and decapitate them over a large hole dug by 
the side of the river to receive their blood. 
- The Waganda have two gods of war, Chiwuka and N enda, who 
are said to reside in certain trees in different parts of Uganda. These 
trees are tended by men who are supposed to possess priestly functions, 
and to them offerings of black cattle (sheep and goats) are made by 
the warriors, who pray under the trees before going to war. The 
animals. are not killed when the prayers are offered, but are given 
into the charge of the priests, who consume them at their leisure. 
_ One may say that all the offerings to the deities in Uganda are of a 
propitiatory character. 

Mythology.—When sitting at a camp fire in Uganda the traveller 
often gains much information concerning the legends of the people. 
Could he always note down at the time the information thus 
derived, an immense number of legends might be preserved, but 
during my travels in the country both note-book and pencil had to 
be kept as much as possible out of sight. The prying eyes of the 
king’s pages noted every action, and rendered caution in this 
respect of vital importance. © 
- The Waganda legends and traditions deal with the origin of the 
tribe, with the colonisation of the country, with the prowess of 
former monarchs, and the brave deeds of chiefs. They depict the 
wars in which the country has been engaged, and many indicate 
changes which have taken place in the manners and customs of the 
people. 

Apart from what I may call these national traditions, Stile 
are told of gods and demons, giants and dwarfs. Fanciful tales of 
plants and animals are strangely mixed up with allegories exempli- 
fying some virtue or vice. 

Some of the legends undoubtedly point to foreign origin, although — 
when they were brought into the country it is impossible to say. 
The -Waganda are very fond of reciting, and in this way legends 
have been handed down from generation to generation, and one 
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notices that the same story told by an old man and a young once, 


although having one and the same main idea, yet varies considerably a 
in detail and style. This is less the case when the stories are told 
by professional story-tellers or sung by the bards. '. In ‘such -cases” 
almost identical sequence is followed, the same | sentences and _ 
modes of expression being preserved as baci as the incidents 
themselves. | 
The founder of Uganda is said to have been Kintu, and the . 
account the people give of his arrival in the country is shortly ‘ as | 
follows :—Many years ago Kintu with his wife, one cow, one goat, 
one sheep, one banana root, and one sweet potato, crossed the Nile 
at Foweira, and arrived on the borders of Victoria Nyanza, He 
settled there, planting his banana and sweet potato, which grew 
with extraordinary rapidity—in fact, the sweet potato grew so fast. — 
that the people say the tendrils could be seen creeping along the 
ground, His wife bore him four children at a birth each year, and 


80 precocious were they that at two years of age the female children 
bore sons and daughters. The cattle likewise multiplied as rapidly. | 
The country in this way soon became populated, till at last Kintu 

was obliged to send many of the families away; he gave each 


family a piece of the original banana root and potato plant, and 
they populated the surrounding districts. Kintu appears to have 
been a kind of priest ; he was very humane, and could not bear 
the sight of blood; even cattle killed for necessary food were 
slaughtered at some distance from his dwelling. As time went on 


and age began to tell upon the monarch, his children caused him 


considerable trouble. They became drunken and quarrelsome, and 
even murdered one another, and at length being unable to witness 
their wickedness longer, Kintu departed at night-time with his wife, 
and their original cow, goat, sheep, banana root, and sweet potato. 

- His sons sought him three days without success, and then his 
eldest son took up the reins of power. Tradition says that each 
succeeding king lived in the hope of one day finding Kintu, and 
many an expedition, instigated by various kings, searched the whole 


country through and through without success. It was not until 


the reign of Maanda that news of Kintu arrived. It happened 
thus. A peasant one day, some distance from home and fatigued 
by hard work, passed the night alone in the forest. He dreamed 
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a dream which was repeated three times, in which he thought he 
heard a ‘voice directing him to go to a spot in the forest where 
valuable information would be given him. On waking, after some 
misgivings, he followed the directions of his dream, and on arrival 
at the. place which had been indicated, he came upon a party of 
men. with pale faces, in the midst of whom was seated an aged man 
with a long white beard. They were all clad in white robes. The 
old: man told the peasant to go to the king, and tell him to come 
with his wife and his mother to see Kintu. This message he was 

to give secretly, and to strictly charge Maanda to come in secrecy. 
The peasant went upon his errand, but in order to gain admittance 
to the royal presence he was compelled to tell the katikiro or prime 
minister that he had urgent business with the king. Having 
gained admittance to his majesty, whom he found with his mother, 


he told his tale, much to the surprise of the king who had dreamed | 


that night a strange dream in which he had seen the features of this 
peasant. The king and his mother at once decided to go with him, 
and they secretly left the royal palace. It soon became noised 
abroad that the king had gone into the forest accompanied by his 


mother and a strange man, and the katikiro who was devoted to 


his master cautiously followed them, dreading some treachery. 
In course of time, the little party arrived before Kintu, who asked 
the king why he had not followed his instructions and come alone. 
Maanda replied that he had taken all precautions, and had repeatedly 


looked back to see that they were not followed ; but Kintu insisted 


_ that a spy was present, and stated that he saw him behind a tree. 
The katikiro, hearing that he was discovered, hereupon stepped 
forward, and Maanda in fierce anger killed him with his spear. 
At this Kintu and his company vanished, and the king, his mother, 
and the peasant wept and cried out for Kintu. No answer was 
vouchsafed them, save the echo of their own cries, Since then 
Kintu has never reappeared. _ 

The next story illustrates Kintu’s kindness to animals, Kintu 
was a hunter, and animals would often, after having been caught in 
his traps, ask for their freedom, saying to him, “ You be kind to us 


in the sunshine, and we will be kind to you in the rain ;” that is to 


say, ** You be kind to us now that you are well off, and we will be 
kind to you when you are in trouble,” and he often granted their 
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request. One day, on returning from a hunting expedition, he 
found that his cattle had been carried away. He searched for 
them in vain, till at last he met a man who told him that the gods 
- came down from heaven and carried them away. Thereupon Kintu 
went up to heaven and demanded his cattle, which the gods expressed 
their willingness to restore after he had performed certain feats. 
Enough food to satisfy fifty or sixty men was placed before him, _ 
and he was ordered to consume it all. While debating with himself 
how he should accomplish this impossible task, a number of rats, 
whose lives he had spared on earth, appeared, and soon consumed 
the food. Overjoyed, he took the empty basket to the gods, who 
then showed him a deep well, and told him to fill a jug from it, but 
no rope was supplied him. A number of swallows then appeared, 
and taking the pitcher from him flew with it down the well, and 
soon returned with it filled with water. When he took it to the 
gods, they led him to a vast plain, and showed him immense herds 
of cattle grazing. His own were amongst them they said, and also 
added that if he could distinguish them without mistake, they 
would restore them, but if he made one slip he should forfeit them. 
A bee now aided him ; it flew to him, and said, “I know which are 
your cattle, and I will go before and hover over each one.” This_ 
it did, thus enabling Kintu to succeed in this task likewise, and he 
was then permitted to return to earth, taking his cattle with him, 

‘An ancient warrior named Kibaga is said to have possessed the 
power of flying. This power was made use of by his king during 
his wars with the Wanyoro. Kibaga soaring through the skies 
detected their ambuscades ; he also destroyed great numbers of the | 
enemy by dropping rocks upon them. One day Kibaga saw among © 
the captive Wanyoro women a maiden passing fair. Smitten by 
her charms, he begged her from the king asa reward for his services. 
His request was acceded to, but the king warned him not to reveal 
the secret of his powers to his wife. For a considerable time he 
managed to keep his own council, but his wife, being surprised at his 
sudden disappearances and as sudden return, at length kept strict. 
watch upon him, and solved the mystery. She was not long in com- 
municating her discovery to her tribe, who at once placed archers 
on the summit of their highest hills, and soon Kibaga was shot, and 
was found lifeless, entangled in the branches of a tall tree. 
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In the reign of Chabugu war was declared against the Wasoga 
- for the first time. On the Waganda assembling to cross the Nile, 
the Wasoga mocked and defied them, whereupon a mighty chief, 
Wakinguru by name, requested permission to cross the river and 
attack the enemy single-handed, He was an immense man, and > 
his shield was so heavy that it required two ordinary men to lift it. 
Taking this with him and a large bundle of spears, he challenged 
the Wasoga one and all to combat. They rushed forward to the 
attack, but so great was his strength that one man after another fell 
pierced by his spears before they could get near enough to injure 
him. He fought all day, slaying 600 men, and at night he recrossed 
the Nile, repeating this exploit on two succeeding days, when the 
Wasoga acknowledged their defeat and tendered their submission. 
As before stated, the graves of the former kings are kept in good 
order, this being considered a religious duty, as after death the © 
Waganda monarchs are looked upon as semi-gods. | 
Astronomy.—The length of the Waganda year is six est this 
year and the lunar month being the only divisions of time. The 
first month in the year is the time at which they sow their seed, and 
is therefore called “the month for sowing food.” The others are 
called the months for eating food.” When the new moon is first 
seen there are great rejoicings, feastings, and dancing, but this is 
more noticed at the capital than elsewhere, and I cannot help think- 
ing that the custom has been introduced by the Arabs, it may be 
many years ago, notwithstanding the fact that the people profess to 
be able to manufacture charms more successfully at this period than 
at any other. With this exception there are no set festivals, The 
day is divided by the height of the sun in the heavens, The stars, 
of which many have names, are said to be inhabited by superhuman. 
beings, who are thought to be very tall and powerful. 
_Arithmetic.—Native names are given to numbers up to thousands, 
and the Waganda are very found of counting. The root of all 
multiples of 10 is kumi (10), eg., kikumi is 100, lukumi, 1000. 
They are expert in mental arithmetic, which is required in mweso, 
a game of which they are very fond (see Games). Notwithstand- 
ing this aptitude, they seem to need aids to the memory of figures, 
for when sent for a definite number of men, cattle, &c., they use 
either twigs, stones, or a knotted rope as tallies. No writtem signs 
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for numbers are employed, but wood is at times notched to represent 
them. Short notches stand for units, longer ones for tens and still 
longer for hundreds. In driving a bargain it is not possible to 
cheat them, and this the Arab traders know full well. I have often 


tested their knowledge in reckoning, and rarely detected them in a ~ 
- mistake. When trying to make me understand numbers they used 
their fingers, sticks, or lines drawn on the ground to make it clear 


what they meant. So fond of counting are they that they always 
count each string of cowries used as money, also the number of © 


beads used in making necklaces, &c., and should a book be given 


them the first thing they do with it is to count its pages, — 


_ Language.—The language spoken in Uganda is very pure, having 


but a small admixture of Suaheli and Arabic terms, which are > 
chiefly names of articles of trade. The language, which is called 
Luganda is one of the great Bantu family, and is very rich in words, 
It has ten classes of nouns, the noun being the most. important — 
part of speech. Grammatical inflexions are formed by prefixes. 
For instance, “lungi,” is good; “muntu mulungi,” a good man ; 
“‘Waganda walungi,” good Waganda; “ miti mulungi,” good trees; 
‘‘nyumba nungi,” a good house; “toki dungi,” a good banana ; 
“matoki malungi,” good bananas. Prefixes added to the verbs, 
also indicate their person and tense. The inflections of the pro- 
nouns, adjectives, and verbs vary according to the class of the govern- 


ing noun. Adjectives agree with the substantive in number and 
ease, and always follow the noun. As regards numerals, there are — 
__ words to express all numbers up to thousands. There are personal, 


possessive, relative, demonstrative and interrogative pronouns. There 
are several forms of verbs. 


The following short vocabulary will give an idea of the character 
of the language :— 


Antelope .  . Mtengo., 
sma . Mkono, Brother. . . Mganda. 
«> « Buffalo . Mbogo. 
Bedstead .  . Kitanda. 
Beer . . Mlamba. Camel. .  . Ngamira. 
Beads . ; . Nkwanzi. Calfofleg . Lutumbwe 
Beard. .  . Kilevu. Child. . . Mwana. 
Bow... Mtegu. Chin .  . Kilevu. 
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Cloth .. 
Clouds. 
Cow. 
Chief . 
Coffee . 
Copper . 
Crocodile 
Dog 
Drum . 
Bar. . 
Earth . 
Elephant 
Eye. 
Father . 
Face 
Fire 
Fence 
Fish 
Fishhook 
‘Finger . 
»» fore 
», middle 
Flute 
Foot 
Forest . 
Forehead 
Fowls 


Groundnuts 
Gun 


Gunpowder . 

Hand . 
palin of 

Head . 

Heaven . 

Hippopotamus 

Hair of head . 

Horse ‘ 

Hoe 

House 

Iron 

Ivory 

King 

Knife . 

Lake 
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. Lugoi. 

Bit, . 
. Antu nkazi. 
. Mkungu. 
. Mwanyi. 
. Chikomo. 
. Gonya 

. Mbwa. 

Ngoma. 
Kutu. 

. Insi. 

Njovu. 

. Liso. 

Baba. 

. Maso. 

Mulilo. | 


Kisakati. 
_, Chenyanja. 


Roba 
Ngallu. 


Ya vimumbu. 


Ya kati. 
. Ya nasu. 
Ngombe. 


_. Kigerrie 


. Kibila. 

Chenyi. 

Nkoko 
Mpeo. 

. Ntuga. 

. Mwala. 

Mbuzi. 
. Subi. 

Chinwewa. 
Mundu. 
Buganga. 
Mkono. 

Kubutu. 
. Mtwe. 


. Sanga, 


Kabakka. 


. Nkambi. 
. Kidiwa. 


Leg 
Leopard .. 
Lion 
Man 
Millet 
Moon 
Mother . 
Mouth . 
Monkey 
Mouse . 
Mountain 


Morning 


Night 


‘Nail, finger . 


Nose 
Neck 
Ox 
Paddle . 
Pipe 
Rat 
Rain 
Rice 
River 
Rope. 
Sandal . 
Serpent . 
Sister 
Shield 
Sun 
Star 
Sheep . 
Slave (M.) 
Spear 


Sword 


Tobacco 
Tooth 
Tent 
Thigh 
Tree 


Wood (timber) 


99 (fire) 
Water 
Well 


Mugulu. 

. Ngo. 

. Mporogoma.. 

Muntu. 

_. Mwembe. 

Mwezi.. 
Nyabu. 

. Mumwa. 

Nkima. 

. Messe. 

. Lusozi. 


Njoka. 


. Mwanyanya. 
Ngubbi. 
Njuba. 
. Munyenye. 
. Ndiga. 
. Muddu. 
. Fumo. 
. Upanga. 
. Taba. 
. Linyo. 
Gulu. 
. Chiinja. 
Mti. 
Lubau. 
Luku. 
. Madzi. 
Ludzi. 
. Ng’ano. 
Mkazi. 
. Ntrege. 
-anvu. 
Dagavu. 
. Sama. 
. 


3E 


. Incha. 
. Chiro. 
«éwala. 
. Nyindo. 
. Nsingo. 
‘ Nkasi. 
A Mindi. 
Nkuba. 
| . Mpunga. 
. Mugga. 
| 
i 
Gazelle . 
Girl 
| Grass. 
Gulu. 
Nanga. 
Mbrasi. Wheat . : 
Nkumbi. Woman. 
Nyumba. Zebra. 
. Chuma. Bad 
Black . 
Blue. 
Clean . 
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Dear. -kalubo, 16. . Kumi na mkago. 
Fat -ene, 5, na mMsamvu. 
Good . -ungi. 
Heavy . . Zitoa. na mwenda. 
Little . -tono. Abili. 
No . Abili mwemu. 
Red: . . 
Shallow. . Madzimatono. 5, munya. 
White . . Matukufu. 
Yes » Wampa. . Anya. 

| 70, . . Nsamvu. 

3. . Satu. An 

4, Nya. 90. . Chenda. 

5. Tano, | 100, .  . Kikumt. 

6. . Mkaga. 200. . Bikumi bibili. 

7 Msamvu. 300. . Bikumi bisatu. 

8. 400. . Bikumi bina. 

9. . Mwenda. 600. .. . . Bikumi bitano. 

10... Kumi. 600. .  . Lukaga. 

11,  . Kumi nemu. 700... . Lusambu. 

»» na bili.  §00. . Lunana. 

Mm } 1000. .  . Lukumi. 


ee The Lord’s Prayer in Luganda. 
Katafwe ulio mu gulu, Linya lyo libe takatifu, Manyi go gaje, 
- Kilooza cho chikoliwa mu insi nga chikoliwa mu gulu. Utuwe 
lelo chakulya chafwe cha buli jo. Utusenyua zambi zafwe nga fwe 
tubasenyua baotuonona. Totutuka mu kugeza naye utulokolakwa — 
bibi. Nga manyi na tendo ni lyo milembi. Amina. 


. Note.—For further, information about the language, see An Outline 
Grammar of the Luganda Language, by the Rev. C. T. Wilson, M.A., &c. 


2, On the Drainage Areas of Continents, and their relation 
to Oceanic Deposits. By John Murray, Esq. 


PRIVATE BUSINESS. | 
_ Dr Charles Frederick Pollock, Professor Greenfield, Dr Byrom 
Bramwell, Mr C. A. Stevenson, and Mr William Milne were balloted 
for, and declared duly elected Fellows of the Society. 
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Monday, 17th May 1886. 


The Hon. LORD MACLAREN, Vice-President, 
in the Chair. 


The Chairman announced that the Council had awarded— 


1. The Keith Prize for 1883-85, to John Aitken, Esq., Darroch, 


for his paper “ On the Formation of Small Clear Spaces in Dusty 


Air,” and for previous papers on Atmospheric Phenomena. 
_ 2. The Macdougall-Brisbane Prize for 1882-84, to Edward Sang, 


_ Esq. LL.D., for his communication “On the Need for Decimal 


Subdivisions in Astronomy and Navigation, and on Tables requisite 


therefor ;” and, generally, for his Recalculation of Logarithms both 


of N cues and of Trigonometrical Ratios. _ 
3. The Neill Prize for 1883-86, to B. N. Peach, Esq,, for his con-— 
tributions to the Geology and Palzontology of Scotland. 


The following Communications were read :— 


1. On the Vitality of the Spores of Parasitic Fungi, and the 


Antiseptic Properties of Ferrous — By Dr 
A. P. Griffiths. 


2, The Action of Benzoylecgonin. _ By Ralph Stockman, 


M.D., Assistant to the Professor of Materia Medica, Uni- 
versity of Edinburgh. | 

(From the Pharmacclogical Laboratory of the University. 4 

The recent extensive therapeutic use of cocain has naturally 


aroused great interest with regard to its chemical constitution. As 
is well known, when heated with dilute mineral acids, it takes up 


two molecules of water, and becomes decomposed into benzoic acid, 


methyl alcohol, and another alkaloid ecgonin. When cocain, how- 
ever, is simply heated in watery solution for some hours, a less 
complete decomposition ensues, the solution depositing on evapora- 


tion a crystalline substance, which is benzoylecgonin. This sub- 


7 
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stance has been studied chemically by Dr Paul (Pharm. Jour., 
Oct. 17, 1885, and March 27, 1886), by Merck and by Sisley 
(Sitzungsberichte der Wiener Akad., 1885). The following short 
description is taken mainly from Paul’s papers on the subject. 
Benzoylecgonin represents cocain, from which a methyl group (CH,) 
has been removed and replaced by hydrogen (H), thus—. 
Cocain. 
C,H, NO, 
F 
On heating cocain in a closed tube with about twenty parts of water 
and then evaporating the liquid, benzoylecgonin crystallises out 
in needles, closely resembling those of ammonium oxalate. It is 


= Benzoylecgonin. 


soluble in water, has a neutral reaction, a bitter taste, and forms a 
-erystallisable salt with hydrochloric acid. Paul points out that it 


may easily be produced in the process for the extraction of cocain 
from the coca leaves. It was with benzoylecgonin obtained in this 


way that my experiments were carried out, and I am much indebted 


to Mr E. M. Holmes who procured it for me. 


ACTION ON FRoOGs. 


Winter frogs of both species—Rana temporaria and R. esculenta 
—were used. 

When benzoylecgonin dissolved in water is injected under the 
skin of the back, the effects produced depend largely on the size of 
the frog and of the dose. Doses under Jy grain had no apparent 
effect. If 4, to 7; grain be administered to a medium-sized frog, 


there occur symptoms of slight muscular stiffness, and on the third 


or even fourth day afterwards a very decided increase in the skin 
reflexes. With large frogs the effect of such a dose is hardly 
apparent, If 4, to } grain (0°006 to 0°02 grm.) be given, the 


animal is much more “decidedly affected, but the degree varies in 


individual frogs, the smaller dose having in some cases an equal 
or even greater effect than the larger. After administration the 
frog remains for half an hour or more apparently unaffected, and 
moves about as usual, It then becomes quieter, and shows 
great disinclination to move spontaneously, but if irritated jumps 


| 
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readily enough. At this period or later the character of its jump 
becomes altered ; there is a very decided stiffness in its movements, 
and when it jumps it lands rather heavily on its belly, the hind 
legs being somewhat straggling. The unwillingness to move in- 
creases, and the frog, when irritated, walks rather than jumps. In 
walking the gait is peculiar, the limbs being stiff and almost fully 
extended. The pupil is always dilated either at this stage or later. 
In about: eighteen to twenty-four hours after administration the 
muscles are still in the same condition, but the reflex excitability 


_ has in the interval become very much increased. The extent of the 


increase varies, the animal being in some cases thrown into a state 
of violent tonic spasm, exactly resembling that induced by strychnia, 
and in other cases simply showing greatly exaggerated reflexes. 
When the reflexes are only sli ghtly affected — and circula- 
tion go on as usual, 

This condition lasts one or two days, the state of greatly increased — 
reflex excitability gradually passing off, but the skin reflexes remain 
exaggerated for one or two days longer, at the end of which time 
the muscular stiffness has also disappeared, and the frog returns to 
its normal condition. The time required for complete recovery 
varies in different frogs. 

Doses of 4 to 1 grain (0:032 to 0-064 grm.) always proved fatal. 
Shortly after the injection the animal became very dull and un- 
willing to move. It could still jump, and did so as previously de- | 
_ scribed, but in a more pronounced manner. In about eighteen hours 
tetanus supervened, lasting until death from general exhaustion 
occurred, usually about the third day. Respiration goes on inter- 
‘mnittently, and the heart continues to beat until the exhaustion is 
very marked. 

Post-mortem A ppearances. —Heart in diastole and not excitable. 
by electric stimuli, Ventricle is acid in reaction, and usually has a 
peculiar shrunken look. 

The veins are filled with venous blood, and the viscera gen erally 
are very congested.. 

The skeletal muscles at the point of 3 injection did not contract to 
electric stimuli. The other muscles generally contracted at 60 to 70 
mm. (Du Bois Reymond induction apparatus and one Daniel's cell), 
and had a strongly acid reaction. 


7 
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The sciatic nerves 8 apparently retained their normal empesssrd 
or nearly so. 

With very large doses, such a as 2 to 3 grains, the injection had to 
be made at several points, owing to the amount of fluid. Thepoison . 
takes effect in a few minutes, the frog gradually becoming more and 
more paralysed. Respiration ceases, and it lies in whatever position 
it may be placed. The heart is also arrested, and death occurs gene- 


_ rally without any symptom of increased reflex excitability. 


When benzoylecgonin is given by the mouth, both species of 
frog recover after one grain. It is more slowly absorbed, and the 
effects last longer than when given hypodermically. When it is 
injected into the anterior abdominal vein, the symptoms are also 
similar. 

Division of the spinal cord at the a has no effect on the 
convulsions. 


Ligature of one iliac artery before administration does not cnniale 


the corresponding leg from the tetanus, while division of one sciatic 


nerve causes a cessation of the spasms in the same limb. 
If the brain be destroyed, the tetanic stage comes on earlier and — 
with smaller doses than in the uninjured animal. 
The administration of curara prevents or stops the convulsions. 
Chloroform abolishes them also, but they Gately return as the 
effects of the anesthetic wear off. 


From the foregoing general description it is evident that the 


action of benzoylecgonin is very similar to that of caffein on frogs. 
‘The muscular and central nervous systems are primarily affected, 


the heart suffering less markedly while the peripheral nerves remain 
apparently untouched. 


peor ON THE INDIVIDUAL SYSTEMS. 


Heart and Circulation.—If the excised heart be placed in a 1 
per cent. solution made with ? per cent. salt solution, there occurs 
at once an increase in the number of beats and a more marked 
systole. The increaged rate is maintained for 10 to 15 minutes, after 
which it slowly falls ; the heart finally stopping in diastole. Satu- 
rated solutions rapidly killed the heart. 

To observe the action on the heart in situ, the frog was fastened 
on its back in the ordinary way, the rate determined, and the 


| 
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alkaloid te: injected into the posterior lymph sac. Curara was 
sometimes used, 

Doses of + to 4 grain caused very sidadaly a slight increase in rate © 

(2 to 4 beats per minute), which lasted for about an hour, the heart 
then returning to its original condition. During the increase the 
_ systole was very marked, while the pause in diastole was apPESeny 
shorter than in the normal frog. 
_ Larger doses (4 to 1 grain) have a much more decided effect both — 
on the rate and rhythm of the heart. The rate increases almost at 
once 4 to 6 beats per minute, the systolic contraction becomes very 
decided, while the pause in diastole is hardly perceptible. 

The increase in rate passes off in a varying time and is succeeded 
by a slight fall, the systole, however, still remaining marked. After 
an hour or thereabouts, the heart in some cases was observed to 
make long pauses in diastole, often stopping for some seconds, and 
_ then going on regularly for a few minutes, wher another pause takes 
place. There is some resemblance to a digitalis heart in the inten- 
sity of the systolic contraction and the marked manner in which 
bundles of the muscular fibres stand out during it. In one case — 
also the base contracted before the apex, giving the latter the 
appearance of pouching. 

The heart stops in diastole. With very large doses the heart is 
rapidly enfeebled. 

Blood-Vessels,—Under the microscope no change could be 
observed in the calibre of the blood-vessels of the web. 

Nervous System—Brain.—lIt is difficult to decide whether the 
brain is stimulated or not. After medium doses restlessness gene- 
rally lasted for a longer time than the pain of injection could 
account for. | | 

Spinal Cord.—The late stage at which spinal symptoms supervene 
can only be accounted for on the hypothesis that the alkaloid is 
at once absorbed by the muscles, The results of the direct applica- 
tion of solutions of benzoylecgonin to the exposed spinal cord go far 
to prove this. In the experiments made on this point both species — 
of frog were used, 

The posterior portions of one or two vertebrae were removed with 
almost no bleeding, and the animal allowed to rest quietly until it _ 
had recovered from the effects of the operation. Some drops of a 
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cold saturated solution of benzoylecgonin were then applied to the 
exposed cord. In a few minutes the reflexes became more sensitive, 
and within half an hour a slight touch brought on a tetanic spasm. 
Spontaneous spasm also occurred, the tetanus ultimately becoming 
continuous, and lasting for two or three =" when death from 
exhaustion took place. 

If supersaturated solution were used, there were immediate symp- 
- toms of great irritation followed by a few tetanic spasms. The cord 
became quite paralysed, and the animal lay flaccid and motionless. © 

Investigation by Tiirck’s method showed no change in the reflex 
period during the first day. On the second day spasm was invari- 
ably present. | 

Motor Nerves.—The motor nerves are practically unaffected. 
This was ascertained by tying one iliac artery, the sciatic nerves 
were then divided high up, and their excitability tested with the 
Du Bois Reymond coil. The benzoylecgonin was then administered, 
and the nerves tested from time to time. 

Immersion of the sciatic nerve in a weak solution made with 
normal saline does not appear to injure its conductility. 

Sensory Nerves.—These are also unaffected. Neither painting 
the skin with a saturated solution nor subcutaneous injection pro- 
duced any local anesthetic effect. 

Striped Muscle.—The action on striped muscle is not nearly so 
violent as that of caffein is described to be. In all my experiments 
curarised frogs were used, so as to exclude the motor nerves. If } 
grain or more dissolved in a little water be injected under the skin, — 
the muscles in the immediate neighbourhood retain their contractil- 
ity very little impaired during the whole day, but next morning they 
are quite inexcitable. The muscles at a distance are unaffected unless 
the dose be very large. If the forearm be the seat of injection, gene- 
rally all the muscles there are found dead after about twenty-four 
hours; but if a more muscular part, such as the thigh, be selected, 
all the muscles may retain their contractility although more or less 
impaired. In the case of caffein, this condition has been ascribed 
to rigor mortis being induced. 

Another method of investigation was also adopted. Ina _ 
curarised frog the coccygeal region was exposed by reflecting the 
skin. The muscles on one side of the coccyx were kept moist with 
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saturated solution of benzoylecgonin in normal saline, while those on 
the other side were kept moist with normal salt solution. The 
former lost their excitability to electric stimuli very much more 
rapidly than the latter. | | | 

Dr Ashdown examined for me the effect on the histological struc- 
ture of muscle. When the sartorius is teased in a saturated solution 
of benzoylecgonin made with aqueous humour, the fibres swell up. 
_ There is a tendency to early development of longitudinal striation, 
and the nuclei appear somewhat early. Transverse cleavage very 
readily occurs. After this the fibres become somewhat rapidly 
disintegrated. There is no detachment of the sarcolemma. 


Action on MAMMALIA. 


Mammals are by no means susceptible to the action of benzoylec- 
gonin, and want of material saumaren dn made md experiments few in 
number. 

A rabbit which got 2 24 grs, subcutaneously showed no syeptome 
except a very depressed appearance and a great disinchination to 
move, Next day it had diarrhea. 

- On cats a very decided effect was produced, provided the dose 
were large enough. Two experimente were made— 

Experiment I.—Cat, 3 lb. 12 received at 11.5, 15 grs. hypo- 
dermically. 

11.45.—Reflexes very much Irritation causes a 
spasmodic start. Animal is very timorous; cowers in a corner of 
the cage, and seems very much disinclined to move. 

12,50.—Reflexes same. Gait is rather stiff. 

2.20.—Reflexes less marked. Pupils are very dilated. 

The reflex excitability gradually diminished, but the pupil re- 
mained dilated all afternoon. At 6 P.M. it was apparently normal, 
but during the night had very severe diarrhcea. 

Experiment. II.—Same cat received six days later 25 grs. sub- 
cutaneously at 12.5 p.m. Shortly after it vomited several times, 
and was severely purged and salivated. The reflexes were greatly 
increased, and the animal trembled continuously. 

1.82.—Was seized with a violent tetanic spasm lasting one 
minute. After this it lay on its side breathing slowly and in a 
laboured manner. The slightest irritation brought on a spasm. 
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During the next hour the animal had a succession of tonic and 
clonic spasms, which brought on a condition of complete exhaustion, 
in which it was insensitive to external stimuli. The pupil was 
fully dilated from an early period. Respiration became very 
irregular and slow; the heart’s action was only slightly affected. 

Death from general exhaustion, with failure of respiration, 
occurred at 6.15 p.m. The rigor mortis came on very early, and 
was very marked. Blood was venous, and the large veins 
congested. Ventricles were both empty. The viscera, generally 
speaking, were deeply congested. 

The small intestine presented a remarkable appearance. It was 
firmly contracted, and had a moniliform appearance, owing to the 
contraction being more intense at some places than at others. It — 
was very anemic, the lumen was occluded, and all the parasites had 
been expelled. The bladder was also firmly contracted and empty. 

The muscles and sciatic nerves did not respond to the interrupted 
current. 

The unwillingness to move, and the contracted state of the small 
intestine and bladder, show that both the voluntary and involuntary — 
‘muscles are profoundly affected, while the spinal symptoms are also 
of the most marked character. The violent diarrhoea and vomiting 
are no doubt due to the increased intestinal peristalsis. 

A much more extended investigation than I have yet been able 
to make would be necessary to determine the exact relationship 
between the dose and the ce in which different systems are 
affected. | 
In conclusion, it may be interesting to out shortly the 
chief differences between the action of cocain and benzoylecgonin. 
In frogs cocain in very small doses (4 mgrm.) produces a short 
stage of excitement followed by general paralysis, while with larger 
doses paralysis supervenes almost at once, accompanied by failure 
of the heart and respiration. No tetanus is induced, and the — 
striped muscles are unaffected. One of the most prominent actions 
of cocain—viz., paralysis of sensory nerves—is quite absent with 
‘benzoylecgonin, as is also paralysis of motor nerves. 3 

In the case of mammalia the general action is strikingly different. 
_ The convulsions produced by cocain are dyspneeic from paralysis — 
of the respiratory centre, and come on almost immediately with a 
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comparatively small dose (0°04) in cats; with benzoylecgonin the 
convulsions are spinal in origin, and come on later. Local applica- 
tion of benzoylecgonin to the eye has no effect on the pupil, while 
cocain dilates it markedly. | re 
I have to express my thanks to Professor T. R. Fraser for much 
valuable criticism and advice while carrying on the investigation. 


3. Laws of Solution. By William Durham. 


In my paper on “Chemical Affinity and Solution,” read before 
the Royal Society of Edinburgh on 16th February last, I gave 
some general proofs of the correctness of my theory of solution, 
taken from Thomsen’s researches on thermo-chemistry, as given in 
Muir and Wilson’s book on that subject. In the present paper I 
propose to extend these proofs, and to show the laws of solution, so 
far at least as chlorides, bromides, and iodides are concerned. I 
have verified these laws in the case of many sulphates, and have no 
doubt they govern all cases of solution. My theory is simply this, 
‘Solution is due to the chemical affinities of the constituent atoms 


or elements of the body dissolved for the constituent atoms of the 


solvent.” For instance, the solubility of BaCl, in water is due 
mainly to the affinity of the Ba of the salt for the O of the water, 

and of the Cl of the salt for the H of the water, and the degree of — 
solubility depends on the relation between these affinities. Now it 
can be shown, from Thomson’s researches, that the heats of solution | 
in water of chlorides, bromides, and iodides vary directly— 


Ist, As the affinity (as meastired by heat of sciabinatlies of the 
positive element for O varies ; 

-2nd, As the affinity (as measured by heat of combination) of the 
negative element for H varies ; 


and wmversely— 


As the affinity (as measured by heat of combination) between the 
positive and negative elements of the salt varies. 


That is, the greater affinity the positive element has for O, and the 
greater affinity the negative element has for H, the greater is the 
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heat of solution, and the greater the affinity between the positive 
and negative elements the less is the heat of solution. Whether 
the quantity of salt dissolved varies exactly at same rate, or only 
proportionately, I am not yet in a position to state, but it is 
generally true that the greater the heat of sulution the greater is 
the amount of salt dissolved in similar compounds. The following 
examples illustrate the laws just stated— : 


Heats of Heat of Solu- 
(Mg, 0, Aq] 148960 
2050 | 
[Ca, Cl, ] 169820 17410 
[Ca,0, Aq]. 149260 
—_———| 20560 
| |-18510 
[Ca,Cl,] 169820 | .... | 17410 
[Ca,O, Aq] 149260 | 
20560 
[Sr,0,Aq] 157780 | 
——}| 26770 
Aq}. 157780 
26770 
[Ba,Cl.] 194740 ay 2070 
[Ba,O,Aq] 158760 
35980 
—9210 


Exactly similar results are obtained with the bromides and iodides, 
and also with the chlorides, bromides, and iodides of the alkali 
metals. There is, however, a variation in the case of metals which 
form insoluble oxides or hydrates. In the latter case the heats of 
solution of chlorides, &., are not so great as they should be if com- 
pared with above compounds. Among themselves, however, they 
follow the above law pretty closely, and seem arranged in groups, 
Thus, ZnCl, and CdCl,, and FeCl, CoCl, and NiCl, form two such 
groups. 

In the foregoing illustrations I have shown the effects of the 


| 
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affinity of the positive element of the salt for O on the heat of 
solution. The following illustrations will show the effects of the 
affinity of the negative element for H :— | 


| Heat of Com-| ~. Heat of Solu- 
Compound. bination. Difference. Difference.| 
‘(K,Cl] 105610 ~ 4440 
[H,Cl, Aq] 39315 | 
66295 
[H; Br, Aq] 28380 
— 66930 | 
— 635 ee +640 
(K, Br] 95310 -5080 
[H, Br, Aq] 28380 | | 
66930 
[H,I,Aq] 13170 


Exactly similar results are obtained with all the soluble chlorides, 
bromides, and iodides for which data are available, with the excep- 
tion of AuCl, and AuBr,; the difference of heats of solution of 
these salts being too great in comparison with above. It is appa- 
rently proportional, however. 

It is pointed out in Muir and Wilson’s book that between the 
heats of formation of soluble chlorides, bromides, and iodides in 
water, there is a constant difference, no matter what the positive 
element is. Thus we have— | 


| Salt. Heat of Siciiaaliads, | Salt. Heat of Formation. 
[H,Cl, Aq} 39315 [H,Cl, Aq] 39315 
[H, Br, Aq] 28380 [H,1I,Aq] 13170 
Difference, 109385 Difference, 26145 
[K,Cl, Aq] 101170 [K,Cl,Aq] — 101170 
[K, Br, Aq]. 90230 [K, I,Aq] 75040 
| 10940 26180 
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Now, the reason of this is perfectly obvious. It is due to the 
laws of solution, Any variation from the above differences on the 
heats of formation of the anhydrous salt is at once counterbalanced 
by the heat of solution, which varies inversely. The following 
example will make this evident :— 


Salt. Heat of Formation. | Heat of Solution. Total. 
[H,Cl] 22000 "17816 39315 
[H,Br] 8440 19940 28380 

Difference, 13560 — 2625 10935 
[Na,C]] 97690 “= 1180 96510 
85770 190 85580 

11920 10930 


and so on in other cases, 
In my last paper I pointed out that the differences in the heats 
of formation of HCl, HBr, and HI are exactly proportioned in- 


versely to the differences of the atomic weights of Cl, Br, and I. 


On further consideration, I am convinced the law obtains in all 
compounds of these elements, and the different proportion found in 
solutions is due to the modifying action of the affinity of these 
elements for the O of the water, and in the case of solid compounds 
to another cause. This, however, with many other points, I leave 


for further consideration, 


Note to Paper on Laws of Solution. 


There is another way of putting the matter, which not only con- 
firms the foregoing laws, but also shows the conditions which deter- 
mine the heats of solution whether positive or negative. The heats 
of solution are simply balances of transactions between the elements 
of the body dissolved and the elements of the solvent. The follow- 


ing examples will illustrate this :— 


| 
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Heat of Heat of Difference = 
Compound. Formation, Compound. Formation, 
‘Zn, 0, Aq 82680 Zn,SO, 230070 
H,,S0,Aq 210770 H,,0 68360 
Neutr. 23416 | 
316860 298430 = 18430 
Ba,0,Aq -—«:158760 Ba, S0, 838070 
H,,80,,Aq 210770 H,0 48360 
Neutr. 36800 
406430 406430 = 0 
K,,0,Aq 164560  K,,S0, 
H,,80, 210770 H,,0 48360 
Neutr. 81288 
406618 ce 413000 — 6382 


part. 


We thus see that on solution the salt and water are virtually 
though not actually decomposed, and built up again into another 
system in which all the affinities of the constituent elements take 
When there is no balance of affinities on either side there is 
no heat of solution, and the salt is insoluble. When the sum of — 
the heats of formation of the salt and of the water is greater than 
the sum of the heats of formation of the oxide, the acid and of 
neutralisation, then the heat of solution of the salt is minus—that 
is, there is absorption of heat, and the temperature is lowered. 
The above conditions hold good whether the oxide is insoluble or 
not, and indeed when both oxide and salt are insoluble. 


4, On the Fructification of some Ferns from the Carboni- 
ferous Formation. By R. Kidston, FGS. _Communi- 
cated by Dr Traquair. 


PRIV. VATE BUSINESS. 


The Lord Rayleigh was balloted for, and declared duly elected a 
British Honorary Fellow of the Society. | 

Messrs Alphonse Milne Edwards, of the Institute of France ; ‘ 
H. A. N ewton, Yale College, U.S.; l’Abbé Renard, Louvain; and 
Tobias Robert Thalén, Upsala, were balloted for, and a duly 
elected Foreign Honorary Fellows of the Society. — 


— 
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Monday, Tth June 1886. 


The Hon. LORD MACLAREN, Vice-President, 
in the Chair. 


The Keith Prize for 1883-85 was presented to John Aitken, Esq., 
Darroch, for his paper “ On the Formation of Small Clear Spaces in 
Dusty Air,” and for previous papers on Atmospheric Phenomena, 
after the following statement by Mr Buchan :— | 


One of the earliest of Mr Aitken’s communications to the Society, 
and certainly one of the most valuable, is that on “ Dust, Fogs, and - 
Clouds,” in vol. xxx. of our Zransactions. The discovery that a 
solid nucleus is necessary for the condensation of water-vapour is 
one of the most important contributions, alike to pure and to applied 
science, which has been made in recent years. Mr Aitken made the 
discovery independently ; but he had been to a certain extent anti-— 
-cipated by Coulier, who, however, by a strange want of judgment, 
withdrew his statements not long after they had been published. 
The paper referred to, in intimating the award of the prize, “ On the 
Formation of Small Clear Spaces in Dusty Air,” is in continuation 
of the same subject. 

The more nauetenh of his other contributions to Meteorology are 
his papers “ On Thermometer Screens,” read in June 1884, Owing 
to the extreme difficulty of making observations of the true tem- 
perature of the air at any given instant, meteorologists have 
contented themselves with uniformity in the methods of observing. 
In this paper Mr Aitken has, by the novel appliances for observa- 
tion introduced by him, made a distinct advance towards making 
observations of atmospheric temperature more approximately correct 
than those hitherto made; and, it may be added, that the ultimate 
solution of the problem is likely to be reached on the lines he has 
thus indicated. | 


The Makdougall-Brisbane Prize for 1882-84 was presented. to 
Edward Sang, Esq., LL.D., for his communication “On the Need 
for Decimal Subdivisions in Astronomy and Navigation, and on 


| 
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Tables requisite therefor ;” and, generally, for his recalculation of 
Logarithms both of Numbers and of Trigonometrical Ratios, after 
the following statement by the Hon. Lord Maclaren :— 


The Society is aware that, by the terms of its foundation, the 
Makdougall-Brisbane Prize may be awarded either for contributions © 
to the Society’s publications, or for services rendered to science 
outside the work of the Royal Society. | 
In awarding this prize to Dr Edward Sang, both requisites are 

fulfilled ; because we make this award in recognition of the valuable, 
- original, and responsible work on which Dr Sang has been engaged » 
for many years, and which has been from time to time communi-— 
cated to the Society, I mean the recalculation of the logarithms of. 
numbers and of trigonometrical ratios, The latest of Dr Sang’s con- 
tributions on this subject is the paper read in 1884, entitled “On 
the Need for Decimal Subdivisions in Astronomy and N — 
and on Tables requisite therefor.” 

More than fifty years have elapsed since Dr Sang began to take a 
part in the work of mathematical and physical investigation; and 
from the year 1857 to the present time he has been a constant 
contributor to the Transactions and Proceedings of the Royal Society 
of Edinburgh. His papers cover a wide range of inquiry, embracing 
various branches of pure mathematics, mechanics, and optics, as well 
as the application of these sciences to practical astronomy, chrono- 
metry, and naval architecture. I must, however, in this brief notice 
of the work of Dr Sang, confine myself to the subject immediately . 
in hand. | 

I begin with one fact, which I state on the authority of the 
Encyclopedia Britannica, and which I think demonstrates the utility 
and value of the investigations for which this prize is awarded. It 
is this, that until Dr Sang undertook the labour of independent 
computation of the logarithmic tables, all the published tables, 
English and foreign, were derived from one and the same source, 
viz., from the tables which were compiled more than two centuries 
ago, partly by Briggs, and partly by the Dutch mathematician 
Viacq. If Dr Sang had done nothing more than verify their results _ 
by independent computation, he would have rendered a valuable 
service to mathematical science. But Vlacq’s tables of the logarithms 
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of numbers were computed only for numbers below 100,000, and to 
fourteen places of decimals. Dr Sang, in the tables first communi- 
cated to this Society in 1872, extended the tables as far as the 
number 200,000, and his logarithms were computed to jifteen places 
of decimals. In his later work, communicated to the Society in 1884, 
~ the tables are brought down to the number 370,000, and, by adding © 
to each of the logarithms already computed the log. of 2 or 3, the — 
- tables can be completed to 1,110,000. | 
« In order that his results should be entirely independent of the 
work of previous computers, Dr Sang began by computing the 
logarithms of all the prime numbers from zero to 2000 (and even- 
tually from zero to 10,000) to twenty-eight places of decimals, by 
a method not known in Vlacgq’s time, founded on the series for the 


rte. 
l-z 


From the lejertthen thus obtained, and their multiples ne pro- 
ducts, the intermediate quantities were derived (as he explains in his 


expression log. 


paper in the 26th volume of the Transactions, 1872), by means of a 


system of interpolation, which was ascertained to give accurate results 
to the fifteenth figure. 

The recalculation of the tables of logarithms of the penne 
metrical functions was performed with equal care, and by strictly 
accurate methods. These were also communicated to this Society 
by papers read in the years 1877 and 1878, and printed in the — 
Proceedings. Further tables, adapted to the decimal division of 
the circle, were communicated in 1884, | 
_ Dr Sang’s logarithms of numbers, as is well known, are published 
in the form of seven-place tables, It is to be regretted that the 
fifteen-place tables have not been printed and published. It is 
certainly desirable that such a work should be accessible in a printed 
form in our public libraries. Pending the realisation of this pro- 
ject, it may be hoped that the MS. volumes (which the Fellows had | 
an opportunity of seeing two years ago) may in some way be made 
available to science. | 

Even more valuable in its immediate results. would be the 
publication of the million table carried to seven or eight places of 
decimals. This could be accomplished in two volumes of the 
ordinary size, and ought to be undertaken at the public expense, I 
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believe there is but one opinion as to the very great accuracy and 
trustworthiness of Dr Sang’s tables. The methods which he used 
ensured the detection of errors, whether of computation or of tran- 
scription, with almost absolute certainty. Such results, I need 
hardly say, could not be attained without the expenditure of labour, 
perseverance, and unremitting attention, in a degree exceeding that 


required by almost any other human undertaking. No corsidera- 


tions, save zeal for the advancement of science and a benevolent 
desire to lighten the labour of future computers, could have induced 
Dr Sang to undertake such a gigantic task, or have sustained him 


through the wearisome mass of mechanical detail which overlaid the 


- more interesting parts of his occupation. _ 

I may conclude with a remark on the subject of Dr Sang’s last 
communication to the Society on this subject,—the paper on 
decimal subdivisions of the circle. Although the author has in a 
manner pledged himself to the system of decimal division of the 


quadrant in the elaborate table of sines which he has constructed — 


on that basis, he is willing to allow that there may be some good 
in other methods, and, indeed, indicates that he does not view with 
disfavour the rival proposition of the decimal subdivision of the 
degree. | 
So far as the business of astronomical computation is concerned, 
it really makes no difference whether the circle is to be divided into 
1000 equal parts, into 360 degrees, or into 24 hours. But the sexa- 
gesimal division of the hour and the degree into minutes and seconds 
is a real disadvantage, increasing at once the labour of reduction, 
and the risk of making mistakes in readings. If the degree be 
selected as the unit of angular measure, and no doubt it is a very 
convenient unit, undoubtedly the fractional parts of this unit ought 
to be expressed as decimals of a degree. Apparently the only reason 
for the non-adoption of this most desirable reform is the want of 
convenient logarithmic tables adapted to the decimal subdivision of 
‘the degree. The quantities corresponding to tenths and hundredths 


of a degree (being 6’ and 36” respectively) can be taken directly from 


existing tables, but the intermediate numbers to thousandths of a 
degree, or 3’°6, must be got by interpolation. It isto be hoped that 

Dr Sang’s suggestions on this subject will not be lost sight of, 
because the publication of decimal trigonometrial tables, based on 


| 
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the degree as unit of angular measure, would be a real service to 
science. | 


The Neill Prize for 1883-86 was presented to B. N. Peach, Esq., 
for his contributions to the Geology and Palzontology of Scotiand, © 
after the following statement by Professor Geikie :— 


The Council has awarded the Neill Prize for 1883-86 to Mr B. 
N. Peach, for his contributions to the Geology and Paleontology of 
Scotland. Mr Peach has long been known as one of the most 
accomplished officers of the Geological Survey of Scotland. | 

After many years of successful exploration in the Lowlands and 
Southern Uplands of Scotland, he was deputed to map out the 
geology of the north-west Highlands, a region showing the most 
involved and puzzling structure, and one which had been variously 
interpreted by almost every geologist who has traversed it. In due 
time, however, Mr Peach, in concert with his colleague Mr J. 
Horne, succeeded in bringing order out of chaos; and now that bone 
of contention, over which geologists have worried for more than a 
generation, has been removed. Only those who know the physical | 
labour entailed in walking and climbing daily for months over such 
a country, and the enormous difficulty involved in working out the 
structure of a mountainous region, composed of highly contorted, 
inverted,’ fractured, and metamorphosed rocks, which seldom or 
never show any trace of organic remains, can possibly appreciate 
the endurance and the skill which Mr Peach and his colleague 
brought to bear upon their work, But Mr Peach is not only a 
highly-trained and skilled geologist, he is also an accomplished 
paleontologist. He inherits his father’s inevitable eye. If fossils 
occur in any given series of rocks, you may be sure they will not 
escape our friend. And he has thus enriched Scottish geology with — 
many remarkable “finds.” And, allow me to remark, there is more 
skill required to discover fossils than some may be apt to sup- 
pose. It is not mere haphazard work. The skilled discoverer 
knows exactly what rocks to search and how to search them, just 
as a good angler knows where to throw his bait with successful 

results. Many geologists can find fossils, but only a very few can 
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describe them, and amongst the latter Mr Peach holds an honourable 


and prominent position. I need only refer to his papers contributed 


_ within the last few years to the Transactions of this Society. Thus 


in his paper, ‘On some new Crustaceans from the Lower Carboni- 
ferous Rocks of Eskdale and Liddesdale,” he has described several 
phyllopods and decapods which are new to science; while, in later 


_ papers, he has added to the number of these crustaceans, and has 


introduced us to several new species of fossil scorpions from the 


_ Carboniferous rocks, and some fossil myriapods from the Old Red 


Sandstone of Forfarshire, All these papers are illustrated by beautiful 
drawings, for Mr Peach, like Dr Traquair and Mr Kidston, of whose 


labours Scottish geologists are so justly proud, is an admirable 
- draughtsman. I may add that, while most of Mr Peach’s work has 


been done in connection with the Geological Survey, he has yet 
accomplished a great deal outside of his official labours, Numerous 
papers read before the Geological Society of London and the Royal 


_ Physical Society, several of them written in conjunction with his 


colleague Mr J. Horne, testify to his abundant zeal and enthusiasm, 
and have greatly increased his scientific reputation. One of the 


latest of these joint-papers, “‘ The Old Red Volcanic Rocks of Shet- 


land,” which appears in the current volume of the 7'ransactions of 
this Society, is a masterly exposition of the igneous geology and 
petrology of Ultima Thule. In Mr Peach we recognise one who has 
not only maintained but increased the reputation of the Scottish 
school of geology, and the present award of the Neill Prize can 


hardly be more gratifying to him than it is to all his fellow-workers 


in Scotland. 


| 1 Obituary Notices of 


General A. C. Robertson, 
A. G. D. Cameron, Esc.., and 
D. M‘Nair, Esq., 


by the President, were read by the Chairman. 


The following Communications were read :— 


i 
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2. On the Tidal Variation of Salinity and Temperature in 
the Estuary of the Forth. By Hugh Robert Mill, D.Sc., 


and J. T. Morrison, M. A., of the Scottish Marine Station. 
(Plate XX VII.) 


The observations which were described in papers read by one of 
us to this Society in January and April 1885,* and others since 
made, though as yet unpublished, serve to establish the condition of 
the Firth of Forth in its seaward reaches as to salinity and tem- 
perature. Between Queensferry and the Isle of May the increase 
in salinity, and the increase or decrease of temperature, are slight 
and gradual; there is little difference between bottom and surface, 
and tidal effects are insignificant. Between Queensferry and Alloa, 
on the other hand, the change in salinity per mile is much greater, 
and the tidal range is very considerable. The isolated observations 
which had been made in this region, and especially about Kincar- 
dine, seemed to indicate that the same régime held there as in the 


estuary of the Spey,t only the effects were on a reduced scale and 
somewhat modified. | 


It was necessary to test the applicability of this theory, and we 
lately spent a week at Kincardine for this purpose, working from 
the sailing-boat Paracelsus” between Kincardine and Cambus. 

The words river, estuary, firth, are used with considerable latitude, 
and it is advisable in considering salinity to employ them with 
precisely definite meanings. This cannot be very easily done if the 
terms be used in reference to the geographical position of a river- 
system; but, if we may suppose that the river proper may be 
shortened by the intrusion of the estuary and lengthened by its 
withdrawal, a sufficiently precise meaning can be given. <A river, 
then, is a stream of fresh water, which by gradual increase of 
salinity may merge into an estuary, or by an abrupt accession of 
salt water may run directly into a firth or sea. An estuary is the 
region where the tidal current effects a mixture of river water with 


_ * Mill, ‘On the Salinity of the Firth of Forth,” Proc. Roy. Soc. Edin., vol. 
xiii. pp. 29-64 ; “On the Temperature of the Firth of Forth,” Zbid., pp. 157- 
167. See Chart of Firths at page 28. 
_ + Mill and Ritchie, “ Physical Conditions of Rivers entering a Tidal Sea,” 
Proc. Roy. Soc, Edin., vol. xiii. p. 460-485. 
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that of the sea or firth; its length and position in any system 
depend on many conditions, and may vary slightly with rainfall, 
_ tidal range, wind, and other variable factors. In an estuary, salinity 
increases rapidly from river to firth or sea. <A firth is an inlet of - 
the sea connected with a river through an estuary ;* in it the water 
gradually increases in salinity from estuary to sea, and tidal effects 
are not strongly marked. The term 2 iver-system has been used here 
in a restricted sense to describe the connected system made up of 
four parts—river, estuary, firth, and adjacent sea ; but this does not 
affect its more general geographical meaning, which includes 
_ tributaries and feeding lakes. 

Applying these definitions to the Forth system, the river terminates 
in ordinary weather between Stirling and Cambus, the estuary 
stretches from the end of the river to about a mile east or west of 


— Queensferry, and the firth then begins, extending to “pee the Isle 


of May. 

Examination of the pane was conducted in the manner x adopted 
for the Spey, only the temperature was observed more frequently. 
The boat was anchored in the channel where the depth varied from 
3 to 5 fathoms, according to the tidal phase; samples of water 
were collected by means of a bottle, the stopper of which was — 
pulled out by a string when it was sunk to the proper depth ; tem- 
perature was observed with the Scottish-frame Negretti and Zam- 
bra’s thermometer. Every hour, or half hour if the change was 
rapid, a series of temperature observations at distances of every 2 or | 
3 feet from the bottom upwards was made, and if a considerable 
difference appeared between two positions, one or more intermediate 
observations served to define it exactly. Observations of density 
were made in like manner with a small hydrometer graduated 
directly to read “specific gravity at 60° F.” from 1°000 to 1:030; 
and samples were frequently kept to have their density carefully 
determined with the delicate hydrometer on shore. Observations 
were continued for from two to seven hours at a time, and were 
arranged so as to include the most interesting phases of the tide at 
positions between Kincardine and Cambus. 


* The inlet must be a narrow one relatively to its length, otherwise it is 


a bay or bight. The Moray Firth, for instance, is not a firth in our meaning 
of the word. 
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| - The weather was throughout clear and dry, and with the excep- 
tion of one day, April 27, which was extremely warm, the air 
temperature was low, and an easterly wind prevailed. 


Observations of Salinity. 


It is unnecessary to give in detail a description of all the sets of 
observations which were made. 


range of density in the water at the places where we worked :— 


TaBiE I,.—Density at C. of Estuary Water. 


The following statement shows the 


| Tide within half an hour of | 
High Water. Half-ebb. Low Water. | Half-flood. 
“Surf. | Bott. | Surf. | Bott. | Surf. | Bott. | Surf. | Bott. 
Kincardine. 
1°01366 1°02022 1°00950 1°01668 | 1°00933 | 1°01953 
98 4 86 1°01666 1°02097 eee ece 
1°01265 1°01776 eee eee eee eee 
30.4.86 aes a 1°01013 | 1°01443 | 1°01726 | 1°01928 
1.5.86 ons 1°01511 | 1°01719 
Mean. 1°01432 | 1°01965 1:00973 | 1°01698 | 101618 | 1:01823 
Mean of | 
occasional 
observa- 1°01578 1°01891 11°00553 | 1°00916 
tions from 
1884 to 1886 
Alloa. 
28.4.86 1°01338 1°01548 1°00383 1°00582 
29.4.86 1°01010 1°01530 1°00464 1°00818 
Mean. | 1°01174 | 1°01539 | 1°00423 | 1:00700 
Mean of 
occasional 
observa- 1°00160 
tions from 
1884 to 1886 
Cambus. | 
1.5.86 | 1-00367 | 1:00498 | 


This table shows that a difference of density at the surface corre- 
sponding to 0:00459, and at the bottom to 0:00267, may be expected 
between high and low water at Kincardine ; the difference between 
the density of bottom and surface water being 0°00533 at high 
water, and 0:00725 at low water. _ 

The decrease of density on the surface and at the bottom as the 
tide falls may vary in rate with varying conditions. The readings 
of the small hydrometer (uncorrected for temperature, which was 
_ practically constant throughout each series of observations) for 
several occasions are given below, and the figures in the case of — 
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April 27, at. Kincardine, are represented in the form of a curve in 


Plate XXVIII. fig. 


2. 


Table II. gives particulars of a complete ebb and part of a flood 
at Kincardine, and of an ebb and the end of flood and beginning 


of ebb at Alloa :— 


TaB.E Variation of Salinity. 


Kincardine, 27.4.86 Kincardine, 1.5.86 Alloa, 28.4.86 Alloa, 29.4.86 
Density. Density. Density. Density. 

Hour Hour. Hour. 

Surf. | Bott. Surf. | Bott. Surf. | Bott. Surf. | Bott. 
10.30% 1°013 1°022 eee ec0e eee eee eee eee eee 
11 1°0135 |: ... 7 1010 | 1°0145| 11.454, 1°016 | 1°020 | li 1°014 | 1°0175 
11.15 | 1°0115] ... 7.30f | 1°010 vis 12 1°0165 | 1°019 | 11.15 | 1°014 | 1°017 
11,30 | 1:009 | 1°020 | § | ... 12.80 | 1°014 | 1°018 | 11.30 | 1°013 | 1°017 

12 1°008 8.30 |1°011 | 1°017 | 12.45 )1°013 | ... 12 1°014 | 1°0175 
12.15 | 1°008 ane 1°012 ‘is 13 1°0125 | 1°0155 | 12.30$} 1°013 | 1°018 
12.30 | 1°009 |1°017 | 9.30 |1°015 |1°018 | 14 1°010 | 1°0115/ 13 
13 1°0085 | ... 10 1°0155 | 1°019 | 14.30 | 1°009 |1°010 | 13.30] ... 1°017 
13.15 | 1°010 11.30 |1°018 |1°019 | 14.45 |1°007 | 1°010 | 14 
14 1°0105 | ... 15. 1:0065 | 1°0095 | 14.15 | 1°010 | 1°015 
14.15 | ive 15.30 | 1°005 | 1°0065| 14.30 1°009]| ... 
14.30 | 1°010 | 1°018 16 | 1°006 | 14.45 | 1°009 | 1°013 
15 1°009 ee eee ese eee eee eee eee 15 1°008 1°012 
15.15 1°0095 1°020 eee eee eee eee eee 
15.30 1°0095 1°020 eco eee eee eos eee 
16.15} 1°009 1°021 eee eee ece eee eee 
17.15 | 1°009 1°021 eee see see eee eee eee eee eee eee 
* High water at 10. ¢t High water; 11h. 15m. ¢ Low water, 7h. 25m. 


§ High water, 12h. 20m. | Low water at 16h. 20m. 


At a given time the vertical distribution of salinity in the water 
was found to be determined by the depth, position, and state of 
tide. At Alloa, for instance, the difference between bottom and 
surface water was so slight, and the depth so small, that the hydro- 
meter employed was of little use in tracing the form of the density 
curve. 

As the tide fell the water got fresher uniformly and gradually, 
the rate of freshening at surface and bottom being practically 
the same until about half-ebb, when the surface showed signs of 
more rapid dilution ; but before low water the slight and uniform 
change was re-established. If the ebb continued long enough at 
Alloa to let the level of the water fall from 2 to 3 feet below 
the ordinary low-water mark, our observations indicated that it 
would be entirely fresh in ordinary weather. In times of flood, of 
course, fresh water is found even further down the estuary. The 
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curves of salinity obtained at Alloa on April 28 are shown on Plate 
XXVIIL fig. 6. : 
_ At Kincardine there was always a more marked change in salinity 
with depth, and while at high water there was a minimum differ- 
- ence between surface and bottom, and a nearly uniform vertical | 
distribution, in the early part of ebb the greater part of the increase 
of density was in the first fathom, and in the early part of flood in 
_ the fathom nearest the bottom. The travelling downward of the 
- point of inflection in the curve corresponding to the increasing fresh- 


ness of the upper strata of water as the tide falls is shown clearly 
in diagram 5, Plate XXVIII. : 


Observations of Temperature. 


The relation of the temperature of the water to its salinity was 
such at the time of our observations that surface water which 
was fresher was also warmer than that at the bottom, and water 
from the upper part of the estuary was warmer than that in the 
lower part. It thus happened that an increase of salinity was 
always accompanied by a decrease of temperature, and a decrease of 
salinity by an increase of temperature. It will be seen, by refer- 
ence to Plate XXVIII. figs. 5 and 6, that the curves illustrating the 
vertical distribution of temperature in the water at any time were 
almost mirror images of those representing density. The position 
and amount of inflection in the corresponding curves are, in fact, 
the same, though the directions are opposite. It thus appears that 
at this season of the year the thermometer alone is sufficient to 
trace out the interaction of the frithial and fluvial water in such an 
estuary as that of the Forth. The following notes, although taken 
from individual cases, illustrate what we found to be the conditions 
characteristic of the various phases ‘of tide during the period of cur 
observations. The range of temperature for the whole time was 
_ rather less than 5° F., varying from 50° to 45°*5, and the difference — 
between surface and bottom rarely amounted to so much as 3°, — 

Ebb Tide.—Kincardine : depth of water, 3 to 5 fathoms. From 
one to three and a half hours of ebb the vertical distribution of tem- 
perature remains practically the same, being nearly uniform from the 
bottom to about 4 feet from the surface, where there is a sudden — 
increase in the rate of rise. The temperature of the whole mass of 
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water increases ; wniformy with time, so that the curves of vertical 
distribution for successive half-hourly periods are parallel to each 
other. This indicates a movement of water en masse from the upper 
to the lower parts of the estuary. 

From three and a half to five hours ebb the temperature of the 
bottom water does not increase much, but between 14 and 3 fathoms 
from the bottom there is a continuous rise of temperature, which 
becomes less marked near the surface. The curves show a shearing 
displacement during this period, and appear to indicate that the 
current at the bottom is slackened, and that the upper and middle 
layers of water flow on over it. | 

During the last hour of ebb the bottom water gradually but 
distinctly cools, and the fall of temperature is shared in by the 
lower fathom and a half; the next fathom shows a gradual rise in 

temperature, while the surface layers remain nearly unaltered. The | 
water on the bottom appears to be flowing, while that on the surface 

is still ebbing. ‘Ships anchored in the channel begin to swing, and 
turn completely round, from half an hour to twenty minutes before 

_ boats anchored in a similar position are moved, a fact which 

_ proves conclusively that flood tide sets in first at the bottom. 

_ Ebb tide at Kincardine is illustrated by the curves in Plate 

XXVIII. fig. 3. 

Ebb Tide.—Alloa: depth from 3$ to 1 fathom, The difference 

of temperature (and of salinity also) between surface and bottom 
ig here so slight that it is difficult to determine the exact vertical 
distribution. Speaking generally, the curves move along the scale 
nearly parallel to themselves, showing a movement of translation in 
the water from the upper part of the estuary firthwards; there are 
indications, but too slight to be held as altogether satisfactory, that 
a certain amount of shearing motion takes place as at Kincardine 

just before the turn of the tide (see Plate XXVIII. fig. 6). 

Flood Tide.—Kincardine: depth from 3 to 5 fathoms. During 
the two first hours of flood the whole body of water from surface 
to bottom falls in temperature uniformly, the curve of vertical — 
distribution showing an inflection in the second fathom from 
the bottom. This indicates a flowing up-stream of the whole 
water. An upward travelling of the inflection along the curve 
shows that the actual increase of depth is due not to the damming 
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back of water above, but to rapid influx from the lower parts of 
the estuary. During the next two and a half hours the temperature 
is nearly uniform from the bottom to within one fathom of the 
surface, where there is a sharp rise. After five hours flood, while 
the lower strata are still falling in temperature, the surface fathom 
is rising rapidly ; showing that ebb has begun above while flood 
continues below, the result being, of course, a shearing motion. 

The greater part of both flood and ebb tide is characterised by a 
strong current as nearly as possible of equal velocity at surface and 
bottom, but at the turning points of flood and ebb, and for about 
an hour before and after these crises, there is a shearing motion, the 
sliding of one layer over another. By this means the same 
condition of things is established at high and at low water, viz., a 
colder bottom layer, a warmer surface layer, and a short intermediate 
region of comparatively rapid change of temperature asd dees 
XXVIII fig. 4.) 

In the foregoing discussion for “rise of temperature” may be 
substituted “decrease of salinity,” and for “ fall of temperature ” 
‘increase of salinity.” 

The Leaky Tides. ”_The fishermen at speak of a 
tidal phenomenon which occurs both during flood and ebb. It 
consists of a temporary stoppage or reversal of the current ; when 
this takes place during ebb it is called the “leaky flood,” and when ~ 
during flood the “leaky ebb.” We were not able to get any very 
precise information regarding it, and during our stay we were only 
once fortunate enough to see the effect. From such descriptions as 
we could procure, and from our observation of one leaky flood, the 
explanation seems to be as follows :—About an hour before calcu- 
lated low water at Kincardine the tidal current has become imper- 
ceptible in the lower part of the estuary, and shortly afterwards it 
turns and runs up. The stream of salt water going up the estuary 
meets the down-running current of fresher water as a wall, and 
serves to dam it back for some time, slackening the rate of ebb 
throughout the whole estuary, or even reversing it for a short time. 
Very soon, however, the difference in density of the two streams 
asserts its influence, the salter water penetrates the lower layers of 
the fresher, and flows up under it as a very diffuse and ill-defined 
wedge, while the surface layers, being released from the pressure, 
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flow outwards again until ebb tide is completed, and the force of 
the flood tide is strong enough to ensure reversal of cinection all 
along the estuary. 

The subject of leaky tides deserves more careful observation for a 
longer period than we were able to devote to it. 

Explanation of Plate XXVIII.—By way of a summary of the 
principal results, the meaning of the various curves in the Plate may 
be briefly pointed out. 

Figs. 1 and 2 show the variation of temperature and density dur- 
ing an entire tide at Kincardine on 27th April 1886. | 


Fig. 1. Kincardine, 27th April 1886, from 10.30 o’clock to 16.30 
o'clock, i.e, from 2 hours ebb to 2 hours flood, Depth 
varied from 4 fathoms 4 feet to 3 fathoms 2 feet. 
Curves showing the variation with time or phase of tide of 
the temperature of the water :— 


(a) at the surface, 
(b) at 3 feet below surface, 
 (c) at 24 fathoms above bottom, 
(d) at bottom. 
Abscissa mark time, ordinates temperature. 


Surface curve is made irregular by sun-heating. The others 
- show that while the bottom layer attains its maximum tem- 
perature an hour before low water, the intermediate maxi- 

mum is later, and the water near the surface is warmest after 
low water. The shearing motion that occurs near high water 
is made very evident by these curves. | 

If corresponding curves for 12 hours could have been obtained, 

_ they would probably have shown— 


(1) at the bottom, a minimum temperature after high 
water, and a maximum before low water, and therefore 
a steep rise. 

(2) near the surface, a minimum tem perature before high 


water, and a maximum after low water, and therefore a 
steep fall, 


Fig. 2. Kincardine, 27th April 1886, from 10.30 o'clock to 17.30 
o'clock, #.¢., from 2 hours ebb to 3 hours flood. 
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Curves show variation of density with phase of tide 


(a) at surface, 
(b) at bottom. 


So far as interpretable, these curves accord with those of 
in fig. 1. 


Fig. 3. Kincardine, 27th April 1886, between hours of 10 45 and 
15.40. 


Curves showing variation of ‘tepenatare with de pth at the — 
following instants 


(a) 10.45 o’clock, or 2} hours ebb. 
11.45 o'clock, or 3} hours ebb. 
(c) 13.15 o'clock, or hours ebb. 
(d) 15.40 o’clock, or 1 hour flood. 


(a), (0), (c) are similar in form, and probably indicate transla- 
tion of water en masse. 

In (d) the shearing motion above referred is clearly sedis 
by the back-throw of the bottom of the curve. 


Fig. 4. Alloa, 29th April 1886. Variation of temperature with 


depth at high water. Form of curve is supposed to be 
typical of both high and low water. 


Fig. 5. Kincardine, lst May 1886, between 7.10 and 9.50 o'clock. 
Dotted curves show variation of salinity with depth ; plain 
curves show variation of temperature with depth at 


(a) low water. 
(b) 1h. 20m. flood. 
(c) 2h. 20m. flood. 
(d) 2h. 40m. flood. 


Note the great similarity between the two sets. 
Fig. 6. Alloa, 28th April 1886, between 12 and 15.10 o’clock. 


Dotted curves show variation of salinity with “em plain 
curves of temperature with depth at 
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(a) 1 hour ebb. 
(b) 2 hours ebb. 
3 hours ebb, 
(d) 4 hours ebb. 


As in fig. 5, the two sets of curves are strikingly similar. 


_ 8. On a New Method and Reagent for detecting Chlorides, 
‘Bromides, and Iodides, in the presence of each other, 
and also in presence of Nitrates and Chlorates. By 
John Jas. Barlow, Manchester Technical School. 


A short time ago I published a method in the Chem. News, vol. 
liii, p. 41, “On the use of Hydrogen Peroxide as an oxidising agent 
for detecting and estimating Manganese ;” showing the advantages it — 
had over other sources of oxygen for oxidation purposes, simply on 
account of the fact, that when using hydroxyl you do not introduce 
any objectionable foreign substance, such as mangnaem, chromium, 
potassium, lead, é&c. 

Since then I have used it with advantage in many other chemical 
operations where oxidation was necessary, amongst others, the sub- 
stance of the present paper—the detection of chlorine, bromine, and 
iodine. The detection of these substances, in the presence of each 
other, has been accepted as (to say the least) troublesome; and 
numerous papers have been published within the last four years on 
the subject by A. Cavazzi; P. S. Brito, M.B.; E. Hart; and F. Jones, 
F.R.S.E., though none of the methods given by these chemists can be 
called satisfactory ; the last two may be considered the best, though 
they both introduce foreign substances, and in the last, F. Jones’ 
method, where MnO, is used for oxidising, I could not detect the 
substance, if in small quantity, and its introduction always pre- 
vents the various changes which occur in the solution from being 
observed. 

The following method, which has given entire satisfaction both to 
myself and also to Dr Griffiths, F.R.S.E., Technical School, Man- 
chester, and some of his students, consists in principle of eliminat- 
ing, step by step, as it were, the iodine, bromine, and chlorine in 
succession by means of dilute H,SO, and a solution of hydrogen 
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peroxide. To insure success, close attention should be given to 
various little details mentioned. 

The sketch shows the apparatus used, ak consists of a glass tube 
A, about 4 inches long and # inch diameter, with a small bulb blown 
on the bottom capable of holding 10 cc. It is fitted with a tight 
cork I, through the centre of which passes a small funnel tube B. 
This must reach to within } inch of the bottom of the bulb, and 


should be fitted with a stopcock S, just below the funnel. On one — 
side of the tube A, just underneath the stopper I, is the arm 7, about 
1 inch long and } inch diameter, on the end of which is joined, by a 
piece of rubber tubing, a glass tube ¢, bent at right angles, the long 
arm being about 5 inches ; this conveys the vapours which distil over 
into the receiving tube C (z.¢., an ordinary test-tube), which contains 
the solution of starch, ether, &c. 

In making an experiment, place the substance under ex amination 
(it is best not to use more than 0°25 grm. at once) in the tube A, 
nearly fill the bulb with water, then run down B, after warming 
slightly, two drops of dilute sulphuric acid (1 in 5). If nitrates or 
chlorates are present, the fluid will change colour, yellow or red, due 
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~ to the liberation of iodine; if so, boil until the colour disappears. 

If chlorates and nitrates are absent, no change of colour takes place 
in the bulb, until on adding two drops of hydrogen peroxide, whence 
_ if iodine be present, the liquid in the bulb immediately assumes a 
yellow, then a rosy red colour, and on boiling a violet vapour makes 
its appearance in the upper part of the tube, even when only minute 
quantities of iodine are present ; dispel the iodine gradually by care- 
fully adding hydroxyl, two drops at a time. The iodine being 
expelled, add two drops of dilute H,SO, and three or four drops of 
hydroxyl ; the bromine will now make its appearance, and hydroxyl 
solution must be added, two drops at a time, until it has all dis- 
appeared, which will be known by the clearness of the liquid in the 
distilling bulb, and will be also almost colourless. Very often a 
little chlorine can be detected coming over with the bromine, but 
this only occurs when the quantity is large, or when too much 
H,SO, has been added, and so making the solution strongly acid. 
In fact, this must be done if the experiment is to be successful in all 
cases, and great care must be exercised in adding the H,SO,, as well 
as the hydroxyl (H,0,), If now, after the bromine has disappeared, 
a few drops of a solution of AgNO, be added to the solution remain- 
ing in the bulb, a white precipitate of AgCl will appear, showing 
the presence of achloride. It is always better to divide the solu- 
tion into two parts, or take only a portion for the detection of a 
chloride. 

In every experiment I detected the iodine when present, sii 
by the flash of red colour in the distilling bulb, the vapour (violet) 
in the upper part of the tube, or the blue colour with starch, even 
if the iodine present only amounted to the one-thousandth part of 
the substance present. 

In only one case, out of a great many pe ary was I unable 
to detect bromine, and that when the amount of bromine, compared 
with the iodine and chlorine, was very small. The detection of the 
chlorine was always sure, in some cases by the smell, but always by 
means of silver nitrate (AgNO,). 

The following acids do not interfere with the test :—hydro- 
sulphuric, sulphurous, hyposulphurous, carbonic, phosphorous, and 
hydrofluoric acids, 

When the chlorine, bromine, and iodine are in combination with 
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the heavy metals, the experiment in some cases is not so successful, 
so that it is always better to boil with Na,CO, or K,CO,, so as to 
expel the heavy metals, and get the acid radicles in combination 
with sodium or potassium. | 
The following results of carefully worked experiments, out of 
many more, I give in detail, to show the trustworthiness of the 
method :— 
Ingredients| Weight of 
inthe | each Salt in Observations. Remarks. 
Mixture. | the Mixture. : 
I. _| 0001 grm. | Red colour in bulb, violet vapour, 
| starch coloured blue. 
1{ Br 1000 Strong and thick Br vapours, starch 
| coloured yellow, ether red. 
Cl | 07100 Smell of chlorine, and white pp. of 
. I 0001 Red colour in bulb, violet vapour, 
starch coloured blue. 
2) Br 07010 Smell of Br strong, ether coloured red. 
Cl 1:000 1» Strong smell of chlorine,* and white |* The Cl came off 
pp. of AgCl. latterly with the 
bromine, 
All the iodine reactions. 
Br 07001 wu Smell of Br (slight). Ether coloured 
3 yellowish-red. 
Cl 0500 un Strong smell cf chlorine, and white | 
pp. of AgCl. 
Iodine in abundance. | 
4 Br 0001 wu Could not obtain with certainty the | This is the only 
. bromine. case, which I at- 
Cl 0100 «| | Smell of Cl and white pp. of AgCl. | tribute to the 
| large quantity of 
I. 0001 Red colourin bulb,* no violet vapour, | iodine. 
starch, slight blue. *The presence of 
5) Br 0010 Bromine smell and ethercolouredred.| the NO, inter- 
Cl smell, and white pp. of | fered. 
NO, | 1:000 » | Nitrous fumes mixed with the 
bromine. 
I 0°010 Red colour in bulb, no violet vapour, 
starch blue. 
6 Br Starch coloured deep* yellow, ether |* Cl colours starch, | 
red. sage but the colour 
NOs | 1:500 un Nitrous fumes in abundance. is a very light 
C103 | 0°500 u Strong smell of chlorine, and white| yellow. 
pp. of AgCl. | 
3h Oe Red colour in bulb, violet vapour, 
7 starch coloured blue. 
Br Starch coloured yellow, ether coloured 
red. * Tf thereisastrong 
7 Cl 0001 White pp. of AgCl. effervescence, on 
07100 Smell of burning sulphur, discoloured} addition of first 
iodine solution.* twodropsof acid, 
S 0010 Smell of H.S, black spots on leal| add more until 
| aper.* effervescence 
CO; | 1°000 CO, reaction, strong effervescence.* | ceases. | 
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Comparison between segmentation of ovum and division of mother-sperm - cell. 
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4. On the Anatomy of Suberites domuncula. By J. Arthur — 
Thomson, M.A. Communicated by Patrick Geddes, 
Esq. | 


5. History and Theory of Spermatogenesis. By Patrick 
Geddes and J. Arthur Thomson. (Plate XXIX.) 


“The development of spermatozoa has been for the last twenty 
years the subject of prolonged research and controversy, which 
cannot yet be said to have resulted in satisfactory solution of the 
involved problems. In view of the intrinsic difficulties of the 
subject, and the discrepant results and nomenclature of different | 
~ authorities, it is the object of the present paper to recapitulate the 
history of investigation, to collate the results and the nomenclature, 
and to propose a theory which will explain and rationalise the maze 
of apparently conflicting observations. . 

§ 1. History.—The modern period of investigation, despite a few 
researches by Wagner, Von Siebold, and others, practically opens 
with Kélliker’s fundamental observation* (1841), that the head of 
each spermatozoon arose from the nucleus a seminal cell (Samen- 
bildungzelle). 

In 1844 Meckel described, in Helix, se the cell destined to 
become spermatozoa arose superficially from a mother-cell, in the 
epithelium of the germ follicle. According to Kolliker, however, 
the central body round which the immature sperms were grouped was 
no cell, but only the residue of the mother-cell within which the 
sperm cells had arisen endogenously. The research of Ankermann* 
(1854) also deserves mention, for his derivation of each spermatozoon 
from a distinct cell. | 

The account of spermatogenesis became somewhat more complex 
when Kolliker described, in 1856, two kinds of cells lining the 
tubules—(a) outer cells with large nuclei and nucleoli, and under- 
going rapid multiplication; (6) inner cells, becoming differentiated 
into seminal cells, which formed in some cases cysts, and from 
whose nuclei the spermatozoa were formed. JHenle also dis- 
tinguished two kinds of round cells (a) with granular, and (b) with 


* For papers referred to see cami aL in which the authors’ names 
are arranged alphabetically. 
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clear refracting nuclei, from both of which sperms were developed : 
he emphasised the cellular homology of the spermatozoon, deriving 
the head from the nucleus, and the tail from part of the protoplasm, 
while Kolliker was more inclined to regard the whole as a modified 

That the simple developmental history described by Kolliker and © 
Henle did not express all the facts of the case was proved by the | 
researches of Sertoli, who (1865) described in the seminal tubules 
certain “ramified cells” which projected between the round cells, 
and were often branched internally, while the peripheral end of 
each, with the nucleus, was in direct contact with the wall of the 
canal. He regarded their function, however, as only secretory, and 
contrasted them as epithelial and fixed, with the round, mobile cells 
which had the direct role of producing sperms. ‘This discovery 
was abundantly confirmed, but especially by Merkel, who described 
(1871) large cells lying close to the tunica propria, which he called 
_ Stiitzzellen, and regarded as forming a supporting framework for 
the adjacent round cells from which the spermatozoa developed. 

These round cells had been hitherto regarded as. alone directly 
essential to spermatogenesis, but a contrary opinion was maintained 
in the classic research of Von Ebner (1871). Within the endo- © 
thelial tunic of the seminal canals of the rat, he described a layer 
of two kinds of cells—(a) round granular cells, and (0) larger, 
elliptical cells, the latter confluent at the base, and forming a proto- 
plasmic layer or Ketmnetz. The inner end of each of these large 
cells enlarges and divides, forming irregular digitate prolongations 
which project into the lumen of the duct. At the base of the 
whole cell, which with its prolongations he termed a Spermatoblast, 
the primitive nucleus remains undivided, while at the base of each 
lobe a nucleus is observed, which he ascribed to endogenous 
origin. The nucleus of each digitation elongates to form the main 
portion of the head of a spermatozoon, and a thin film of protoplasm 
elongates into the tail. The heads of the resulting spermatozoa at 
first press downwards within the spermatoblast, reaching almost to 
- the Keimnetz ; their tails protrude into the lumen. When finally 
liberated the sperms curl themselves up to roll down the seminal 
tubule, and the more or less branched stump of the spermatoblast 
is left bare. The round cells take no part in the process (though 
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he also described multinuclear cysts); they originate from blood 
corpuscles, and perform nutritive or mechanical functions. 

Over this a vigorous controversy at once arose. Merkel (1874) 
identified Von Ebner’s spermatoblasts with his Stitzzellen, but while 
maintaining the origin of the sperms from the round cells, allowed 
that they were secondarily received into side pocket-like cavities of 
the Stiitzzellen. According to Merkel, this secondary stage had 
thus been mistaken by Von Ebner for the primary. oe 

The next important contribution was that of Sertoli, who 
described the fixed, ramified, epithelial cells as before, and identi- 
fying them with Merkel’s Stiitzzellen and the lower part of Von 
Ebner’s spermatoblasts, still maintained that they took no part in 
the actual spermatogenesis. This he ascribed wholly to the mobile | | 
round cells which arise between the fixed cells, and which he dis- 
tinguish ed in their youngest state as “germinative,” and later as 
the larger “seminal” cells from the division of which the small 
numerous nematoblasts or undifferentiated spermatozoa result. | 

Merkel was supported by Von Brunn, and by Bloch who followed 
the development of the “round cells.” Neumann, on the other 
hand, denied the existence of Merkel’s framework altogether, and 
described free nucleus formation within the spindle-shaped, first 
blunt, then fringed, spermatoblasts, which, differing from Von 
Ebner, he regarded as modified from the ordinary epithelium of the 
tubule. He also described the origin of spermatozoids from free 
cells, which he explained as separated lappets of spermatoblasts. 
Krause (1876) also essentially supported Von Ebner, but described 
the spermatoblasts as ciliated cells with ramified and even anasto- 
mosing processes, so doing away with a connective system altogether. 
Von Ebner was further corroborated by Mihalkowics, Rivolta, and 
: others, and his account of the processes has been perhaps most 
generally adopted (cf. Landois, Frey, d&c.). Blumberg (1873) 
attempted to reconcile the disputants by ascribing spermatogenetic 
functions to both spermatoblasts and round cells. | 

Semper’s well-known researches on the urinogenital system of 
Elasmobranchs included an important contribution on spermato- 
genesis. He described an invagination of the germinal epithelium 
or of the primitive ova into the subjacent stroma, where they form 
a primitive follicle, which again comes into relation with the 
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incipient tubule. All primitive ampulle exhibit (a) large, granular 
cells with round nuclei, and (d) smaller cells with more oval nuclei, 
in regard to which the possibility is suggested that the narrowed 
nuclei form the round. At a later stage two distinct layers are 
observed ; the narrow nucleated cells form for a while an outer 
epithelium, but afterwards disappear ; this is succeeded by a stage 
_ where the lumen is apparently lined by large conical cells with two 
nuclei, of which the inner are long and granular, while the outer are 
round and homogeneous. The inner oval nuclei bud off externally 
a large number of round spermatoblast nuclei, first regularly and 
then irregularly grouped. These are enclosed within the conical 
mother-cell, and are separated from the ampulla wall by the large 
oval nucleus of the ‘‘ Deckzelle,” in regard to whose origin, from a 
modification of an outer layer of spermatoblast nuclei, or from the 
outer narrow-nucleated cells of the primitive ampulla, Semper 
remained undecided. The sixty or so spermatoblast nuclei, elongate 
to form the heads of the spermatozoa, which lie originally near the 
“‘cover-cell”; the whole mass forms a bundle filling the greater part of 
the mother-cell, from which they are expelled by the swelling up of 
the cover-cell.” | | 

The important series of researches by Von la Valette St George 
was meanwhile leading up to a quite different view of spermato- 
genesis. In his fifth communication, in 1875, he distinguishes 
within the seminal tubule, two kinds of cells—(a) epithelial cells, 
homologous with primitive ovules, and dividing to form spermato- 
gonia which lie close to the tunica propria; and (b) small round 
cells lying between the spermatogonia, and having no other function 
than that of enveloping the spermatogonia and their successors. 
Each spermatogonium forms by division a multinuclear cyst or 
spermatogemma, consisting of a mass of daughter-cells or spermato- 
cytes. These spermatocytes may either (a) all develop into 
- spermatozoa (Mammals), or (0) a single spermatocyte may become 


modified as a basilar cell (Plagiostome Fishes), or (c) a number may — _ 


form an envelope round the others (Amphibians and Fishes). In 
comparing these divergent results with those of Merkel and Sertoli 
on the one hand, and those of Von Ebner on the other, he regards 
his primitive spermatogonia, lying round the tunica propria, as 
equivalent to Von Ebner’s “Keimnetz” and the base of Merkel’s 
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“ Stiitzzellen,” the central part being simply the follicular cells 
altered by reagents, The spermatoblasts were explained away as 
misinterpretations of the temporary union of a number of spermato- 
cytes originating from the same parent spermatogonium. 

Helmann (1879) similarly described the division of each primitive 
cell into a mass of daughter-cells which are differentiated into 
spermatozoa ; while Krause referred the origin of the sperms to the 
indirect division of the (germinative) follicular cells, which form 
spermatogemme (or Knauelzellensdule) of ‘ spermatoblasts,” while 
the nucleated basal portion forms the “spermatogonium.” With 
this Meyer (1880) also agreed, regarding the follicular cells of Von 
la Valette St George as the earliest stages of the spermatogonia and 
spermatogemms. Nussbaum’s well-known memoir on the differentia- 
tion of the sex-elements contained an account of spermatogenesis, 
_ which substantially agreed with that of La Valette. From the primi- 
tive male ovule, spermatogonium and follicular cells both arise, as in 
some cases of oogenesis ; by indirect division within the spermato- 
gonium, cells are formed which become spermatocytes, though a few 
peripherally situated probably form a second enrages membrane 
—the “ Cystenhaut.” 

It is most convenient, at this stage, to refer to the eornabianeie 
of Invertebrates, which has also been the subject of numerous 
important researches, together comprehending almost every group. 
It is only necessary to allude to a few of these. In 1877 F. E. 
Schulze described the spermatogenesis of the sponge alisarea, in 
which germinal mesoderm cells, analogous to those which give rise to 
ova, divide repeatedly to form morula-like masses, composed of about 
_ thirty cells, each of which develops into a spermatozoon. Round — 


the larger clumps, a mesoderm capsule of flat polygonal endothelial 


cells is formed, as round the ova. An interesting observation on 
the spermatogenesis of Sycandra raphanus is due to Polejaeff (1882), 
who described the nuclear division of the primitive amceboid cell,— 
the smaller half forming a cover cell (Deckzelle), which embraces the 
sperm-cells resulting from the repeated division of the larger half 
(the Ursamen-zelle). 

In 1844 Meckel had described the spermatozoa of the snail, as 
arising superficially from a mother-cell, and this view had been 
confirmed by various authors. According to Duval, the mother-cell 
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exhibits an endogenous formation of nuclei, which, travelling 
outwards, form the spermatocyte-cells, apparently budded out on the 
surface. The mother-cell degenerates, the nucleus alone remaining 
to serve as a basis of attachment for the spermatocytes, but finally 
also undergoing atrophy. With this, Keferstein’s account in general 
agreed. M. v. Brunn, however, denied the endogenous formation 
of nuclei, and maintained the persistence of the basal-cell to form 
new generations of spermatocytes. Blomfield also described in 
Helix the division of the spermatogonia to form morula-masses 
(“‘spermatospheres”) of “spermatoblasts,” one of which (the “blasto- _ 
phoral cell,” situated next the ampulla-wall) is, at an early stage, 
marked off from the others, remaining inactive while the other 
“ spermatoblasts” of the “ polyplast” are’ more or less supported by 
it, in their continued multiplication. What Duval had described in 
the snail, Hallez corroborated by the observation of an essentially 
similar process in some Planarians; while Graff found in other 
species that no cytophoral remnant survived, but that the whole of 
the spermatogonium became converted into a “spermato-morula” 
of spermatocytes. The spermatogenesis of some Trematodes was 
described by Lorenz (1878) as consisting in the enlargement of an 
epithelial cell, the endogenous appearance of nuclei, and segmenta- 
tion into a morula-like mass of somewhat indistinctly separate cells, 
round a small central remnant. In 1880 Blomfield investigated 
the process in the earth-worm, and described how a “ spermatospore” 
cell divides into a number of “spermatoblasts,” with a central mass 
of inactive protoplasm, the ‘‘ blastophore,”—the whole result forming 
a “spermatosphere,” of which each of the ‘‘spermatoblasts” is 
differentiated to form a spermatozoon. His results are, on the whole, 
more analogous to those of Von Ebner than to those of La Valette. 
Besides his subsequent research on the spermatogenesis of the snail 
to which we have already alluded, he described that of the frog. 
In this case a hollow spermatogemma arises, each of its cells 
elongates to form a spermatozoon ; these, while immature, arrange 
themselves in bundles round one of the more superficial cells, which 
“become blastophoral corpuscles,”—a view which recalls Merkel’s 
explanation of Von Ebner’s spermatoblasts, mentioned above, viz., 
that the spermatozoa, after completing their development, are only 
temporarily lodved in the recesses of the former. 
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Herrmann has described the spermatogenesis of certain Crustacea 
as consisting in the division of the nucleus of a male ovule to form 
a group of spermatoblasts, each of which becomes differentiated into 
a spermatozoon. A more thorough investigation, however, is due to 
Grobben. . The germinal layer of the Crustacean testes is described 
as consisting of (a) large cells with round nuclei (the spermatoblasts 
of Von Ebner, &c.), and (b) of a nucleated protoplasmic mass between 
the bases of the former. The reserve nucleated masses (Ersatzkeime) 
represent, according to Grobben, the earliest stage ; the larger nuclei 
are changed into spermatoblast-nuclei, while the former probably 
multiply and grow for the future replacement of used-up spermato- 
blasts. Each of these reserve germs (Ersatzkeime) is potentially a 
spermatoblast; the difference between them is secondary. The | 
comparative spermatogenesis of Arthropoda has lately been the 
subject of elaborate study by Gilson, who distinguishes primor- 
dial “ metrocytes,” multiplying into direct metrocytes or “‘ mother- 
sperm cells,” which divide up into “ spermatic cells ””—each the 
immediate predecessor of a spermatozoon. 

Sabatier (1882) has also described the spermatogenesis of several 
Invertebrates. Within mother-cells or “spermatospores” nuclear 
multiplication and superficial budding occur, resulting in a number 
of stalked claviform cells or ‘protospermoblasts.” These are 
detached, increase in size, exhibit nuclear multiplication and super- 
ficial budding, resulting in the production of a second generation 
of spermoblasts—the “‘deuto-spermoblasts,” which form the spermato- 
zoids. In regard to numerous groups, Nemerteans, Echinoderms, 
Molluses, and Ascidians, he maintains the occurrence of two 
generations of cells of which the first become the blastophores of 
the second, the “spermatospores” of the “ protospermoblasts,” and 
the latter in turn of the “ deuto-spermoblasts.” 

Most nearly related perhaps to Sabatier’s account is the divergent 
— description given by Bolles-Lee of the spermatogenesis of Appendicu- 
laria. In the large mother-cells of the testis scattered nuclei appear, — 
originating, however, not from the mother-cell nucleus, but, peripher- 
ally, from the protoplasm. ‘There is, further, no “‘polyplast” stage, 
but the developed nuclei, 7.¢, the ‘‘spermatoblasts,” form a 
“ germinative epithelium,” and are differentiated on the surface into 
spermatozoa. 
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The researches of Jensen on the spermatogenesis of numerous 
invertebrate forms, were mainly corroborative of the views of La 
Valette St George. A spermatogonium divides into a mass of sper- 
matocytes, or a spermatogemma, which includes a distinct, sometimes 
nucleated cytophore (sperm blastophore). This is regarded, how- 
ever, not as a separated off portion of the mother-cell, but as the 
result of the internal destruction of the central spermatocytes, or 
of those nearest the ampulla wall. , 

In the recent account of the spermatogenesis of Ascaris megalo- 
cephala given by Van Beneden and Julin, primitive male ovules or 
“ spermatomeres,” form, by direct division, spermatogonia; each of | 
the latter divides indirectly into four spermatocytes, which together _ 
_ form a spermatogemma, Lach spermatocyte forms a cytophoral por- 
tion towards the centre of the spermatogemma, and these four portions 
compose the so-called cytophore, from which the spermatozoids are . 
liberated. This recent research is of further interest, though this does 
‘not specially concern us here, for the description of a process, observed 
in the formation of the spermatogonia, which exactly corresponds 
with the account of polar cell formation given by Van Beneden. 

One of the clearest accounts of invertebrate spermatogenesis is 
given by Voigt in regard to Branchiobdella, in which the following 
five stages are distinguished—(1) sexual cells, (2) spermatogonia (or 
Stammsamenzellen), (3) spermatocytes (or Samenvermehrungszellen), 
(4) spermatides (or Samenausbildungszellen), and (5) spermatozoa 
(or Spermatosomen). The first are the embryonic cells, the second are 
the homologues of the ova and the origin of a sperm-bundle, the 
third form collectively a spermatogemma, the fourth are not yet 
perfectly differentiated sperms, nor freed from the separated-off por- 
tion of the spermatocyte. The same nomenclature is followed by 
Platner in his recent account of Pulmonate spermatogenesis. The 
spermatogonia are at an early stage the only cells in the herma- 
phrodite gland besides the ova. They divide indirectly to form 
spermatocytes, but a large proportion of them persist, arranged in 
pillars between the spermatocyte groups, and subsequently form not 
only a new generation of spermatocytes, but also new “ basal cells,” 
after the others have disappeared. These basal cells appear at an 
early stage adjacent to the alveolar wall, and resemble spermato- 
gonia, though they never divide, but merely serve as centres, round 
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which the spermatocytes are associated. The spermatocytes divide 
indirectly to form spermatides or undifferentiated spermatozoa. 
After this notice of some of the more important accounts of 


invertebrate spermatogenesis, it is necessary to return to the much 


more complicated and debated spermatogenesis of vertebrates. 


Renson (1882) described small round granular cells at the periphery 


of the canal adjacent to the tunica propria, which he regarded as 
the germinative cells of Sertoli and Krause, the granular cells of 
Von Ebner’s Keimnetz, and the follicular cells of La Valette. 


These segment into multinuclear cysts—the “ spermatoblasts” of — 


Krause, or the spermatogemme of La Valette,—and from the 
resulting cells the young sperms or nematublasts result. The im- 
mature nematoblasts, however, group themselves round the ex- 
tremity of certain large projecting epithelial cells (cellules de 
soutien),—obviously the spermatoblasts of Von Ebner,—and actually 
sink into their protoplasm to complete their development. When 
fully developed, the heads of the young spermatozoa have attained 


| the base of the supporting cell, but this now elongates and bears: 


them anew in the lumen of the duct into which they are expelled. 
The researches of Herrmann (1882) on the spermatogenesis 
of Elasmobranchs are essentially confirmatory of those of Semper. 


The “male ovules” within the “male tubes of Pfliger,” multiply © 
by the transformation of small flattened cells round about them, 


and within each ovule 50 to 60 “ spermatoblasts ” are produced by 
endogenous formation, preceded, however, by a segmentation. | 
According to Sabatier, spermatogenesis always occurs in two 


generations of cells. From the nuclear division and germination 


of mother-cells or spermatospores, claviform stalked cells (proto- 
spermoblasts) arise. These are detached, increase in size, divide, 
and produce on their surface deutospermoblasts, or the spermato- 
cytes of Von la Valette. The protospermoblasts thus form the 
blastophore of the deutospermoblasts, from which the spermatozoa 
directly originate. In Plagiostome fishes Sabatier describes how 
the epithelial cells form culs-de-sac, in which some of the cells 
increase in size, and form spermatospores or male ovules. In the 
peripheral protoplasm of these spermatospores, endogenously formed 
nuclei appear—the protospermoblasts. The nucleus of each of these 
divides to form numerous deutospermoblasts, which are for the 
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most part differentiated into spermatozoids, though a few degenerate 
into a problematic body. | 
The researches of Jensen, to which we have already referred, 
extended also to Vertebrates. Within the ampulle of Plagiostome 
fishes two forms of cells occur (a) with large round nuclei—the 
future spermatogonia, (b) with narrow smaller nuclei—the follicular 
cells, It is important to note, however, that he maintains that the 
latter also develop into the former. From the division of each 
spermatogonium a cellular pillar results—a spermatogemma of sper- 
matocytes ; while a single narrow follicular nucleus lies at the base. 
of each pillar, forming the Deckzelle of Semper, the Cystenkern of 
Von la Valette, the Noyau basilaire of Herrmann. The spermato- 
gemme become eventually, however, hollowed out, and that by the 
destruction of some of the internal spermatocytes, so that the final 
result is that of a number of spermatocytes surrounding a central 
cavity, while the cytophoral portion at the base, towards which the 
sperms dive down, has a distinctly follicular origin. | 
The researches of Swaen and Masquelin (1883) on Elasmobranchs, 
Amphibians, and Mammals are of importance, as tending towards 
reconciliation. In the testes of Selachians, when the primitive 
-ampulle are once formed, “ male ovules” (spermatogonia) and fol- 
licular cells, are quite distinct, and the latter do not transform into 
the former. The male ovules divide indirectly to form spermato- 
gemme, while the follicular cells, after having formed incomplete 
envelopes to the male ovules, and to the spermatogemma, disappear 
save one, which travels down and insinuates itself between the 
ampulla and the spermatogemma, there constituting the basilar cell. 
The fully-developed spermatogemma of about sixty spermatocytes 
exhibits a central cavity or “loge caudale,” in which the incipient 
spermatozoa or nematoblasts are embraced, their tails projecting 
into the lumen of the duct. The basilar cell, which has also been 
enlarging, has likewise an influence on their arrangement ; its proto- 
plasm fuses with the intercellular substance of the spermatogemma, 
surrounds the heads and bodies of the nematoblasts, which thus sink 
down towards the basilar nucleus, only to be again expelled by the 
elongation of the latter. A similar process occurs in the spermato- 
genesis of the salamander, where, however, the follicular cells form 
a complete envelope round the male ovules during their whole 
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segmentation and subsequent evolution. In Mammals the true 
male ovules are small parietal cells, regarded by La Valette as 
follicular. Each divides into a temporarily inert portion (follicular 
cells of La Valette, germinative cells of Sertoli) and “an active 
male ovule,” which multiplies by division to form a spermatogemma 
of spermatocytes. When the spermatocytes have developed into 
nematoblasts, neighbouring “ supporting cells ” (cellules de soutien) 
behave like the basilar cells of Selachians, and fuse with the inter- 
cellular substance connecting the former, thus producing the sper- 
matoblasts of Von Ebner. The follicular or supporting cells also 
surround inferiorly the temporarily inert male ovules. 

~The research of Biondi, which has just been published, claims to 
have effected a reconciliation of preceding discordant observations 
by attributing the discrepancies to the different stages at which the 
development has been observed. In his observations, which apply 
mainly to mammals, he recognises only one kind of round cell, 
_ alike in mature and in immature tubules. The epithelial cells of 
Sertoli, the Stiitzzellen of Merkel and Henle, the spermatoblasts of 
Von Ebner, are secondary modifications arising from the proto- 
- plasmic débris of the round sperm-producing cells. From each 
primitive-cell (Stammzelle) a generation of cells arise, arranged in 
column fashion, in which one can distinguish three zones—the 
single primitive-cell’ at the base, two to three mother-cells in a 
second. row, and four to six daughter-cells in an innermost third 
row. When the pillar is complete, sperm-formation begins from 
the centre outwards, each nucleus becomes a sperm, the pillar 
becomes a sperm-bundle, and the spermatozoa are squeezed out by 
the pressure of adjacent pillars, while from the primitive-cell of one 
of these a new primitive-cell arises by tangential division, to begin 
anew the formation of a fresh pillar in place of that which has been 
modified. The spermatozoa lying embedded in the débris of unused 
protoplasm and of nuclear remnants, are compacted by pressure of 
adjacent pillars to form a so-called spermatoblast. He refers Sertoli’s 
Keimzelle to the canal wall, and identifies his seminal cells and nema- 
toblasts with his own mother and daughter cells respectively. La 
Valette’s spermatogonium, spermatocytes, and cells of the sperma- 
togemms, are equivalent to Biondi’s three stages—stammzellen, 
mother-cells, daughter-cells. In a similarly bold way he brings the 
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results of other observers into harmony with his own, though the 
deviations from the three-zoned pillar process, which he has himself 
_ observed, certainly seem to throw doubt on the possibility of any 

general reconciliation of the discrepant results of authoritative 
~ observers being effected in this way. 

In an almost contemporary research by Von Wiedersperg, the 

spermatozoa of rat, &c., are traced to the “ round cells” which result 
from the repeated division of the peripheral cells of the tubules. 
_ An account of mammalian spermatogenesis has recently been 
- given by H. H. Brown (1885). Certain cells in the most external 
layer of the tubule, next the basement membrane, seem to form 
the essentially spermatogenetic cells, These “spore-cells” are sup- 
posed to be the direct descendants of the primitive male ova. Each — 
spore-cell, apparently by a process of nuclear budding, forms two 
cells, one of which divides by karyokinesis to form the more internal — 
“ srowing and multiplying cells,” which are the direct predecessors of 
the sperms. There are, however, other inactive cells in the tubule— 
“the supporting cells,” and with these the young sperms become 
associated very shortly after their liberation. Brown agrees with — 
Swaen and Masquelin in deriving the sperms in the Elasmobranch 
testis from primitive male ova, and the supporting cells from folli- 
cular cells, corresponding to the cells of the Graafian follicle in the 
ovary, and suggests a similar origin for the supporting cells in 
mammals, With Brown’s account a later investigation by Benda 
essentially agrees, while a research by Griinhagen seems, on the 
whole, to corroborate Biondi, 

§ 2. Having thus summarised* the principal observations on sper- 
matogenesis, we must, as a necessary step towards clearness, collate 
the all too-abundant nomenclature, the confusion of which affords a 
suggestive index to the want of lucidity on the subject. Not only 
do we find a maze of frequently tautologous terms, such as sperma- 
togonium, spermatoblast, spermatocyst, spermatogemma, spermatocyte, 
spermatomere, spermosphere, spermoblast, and a dozen more; 
but the frequent use of the same term, ¢.g., spermatoblast, with 
different connotation by different investigators. The subjoined 
tabular comparison, necessary for our present purpose, my. not be 
without a wider use. 


* See also § Spermatogenesis in ‘‘ Reproduction,” Ency. Brit., vol. xviii., 1886. 
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Starting from one of the most defensible set of terms—that used by _ 
Voigt after Semper—with the four or five stages of (1) sex-cells, 
(2) spermatogonia, (3) spermatocytes, (4) spermatides or immature 
_ (5) spermatozoa, it will be convenient in the citation and comparison 
of observations by different authorities to distinguish the different 
stages by the following simple notation :—(1) The spermatozoon, 
denoted by S ; (2) the immature sperm or the spermatide, by 8° ; 
(3) the spermatocyte, by 8°; (4) the cell which gives rise to the 
spermatocytes, or the spermatogonium, by S!; (5) its antecedent, 
by S?; and soon. These symbols can be readily bracketed after 
the terms cited, and all confusion thus obviated without new or 
dogmatic nomenclature. | 

§ 3. Since equally competent observers give most divergent accounts 
of the nature of spermatogenesis, it seems all but impossible that 
any one mode of development prevails. A forcible reconciliation © 
may indeed be attempted by a detailed criticism of the observations, 
by pointing out, as Biondi has lately attempted, how the different 
phenomena described may occur as the various phases of one 
developmental cycle. The discrepancies are, however, too great for 
any such general mode of reconciliation. Unless we attach con- 
siderably greater weight to the observations of at least a majority 
of all the above workers than they sometimes incline to grant 
to those of each other, the literature and iconography of histo- 
logy become of little worth. Accepting the results of competent 
authorities, it is our object in this paper to propose a possible 
rationale of the existence of several. different modes of develop- 
ment, and a consistent method for their classification and com- 
parison. 

In 1847 Reichert pointed out “the homology between the ovum 
and the mother sperm cell, and this has been for long recognised 
with more or less definiteness in the various attempts which have 
been made to draw parallels between the processes in the develop- 
ment of the two elements. Thus Von la Valette St George compared 
spermatogonium (S!) with ovum, and the follicular skin of the 
former with the follicular cells of the latter. Nussbaum, following 
La Valette, has in his well-known memoir on the differentiation of 
sex, drawn a similar more extended parallel, and has maintained that 
in Amphibia and Teleoste: the spermatogonium and its follicular 
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cells probably result from a primitive cell with morula-like division 
of its nucleus, as has been repeatedly observed in oogenesis. A 
more intimate parallelism is suggested by the comparison repeatedly 
proposed, with a measure both of morphological and physiological 
probability, between the polar cells of the ovum and similar bodies 
occurring at various stages in spermatogenesis.* In the use of 
terms like sperm-morula, sperm-blastula, &c., Balfour and others 
have dimly suggested the further comparison between the division 
of the sperm-mother-cell (S!) and the segmentation of the ovum. 
This comparison it is one of the objects of this paper definitely to 
formulate, collating various modes of spermatogenesis with apparently 
homologous modes of segmentation. | 

The unification is sought by comparing the manifoldness of 
| spermatogenesis to the manifoldness of segmentation, for as the seg- 
mentation of the ovum is varied, the same is not @ priori impossible 
in the segmentation of the male ovule. These two sets of pheno- 
mena, in regard to which our knowledge has progressed separately 
through empirical evolution, seem to have in short the same mor- 
phological and physiological rationale. This comparison hinted at 
in the nomenclature of Balfour and others, has also been proposed — 
by Herrmann (1881) :— The division of the male ovule into a 
series of generations of daughter cells forming spermatoblasts, is a 
phenomenon comparable to that exhibited by the ovum in the for- 
mation of the blastoderm. The cellular individualisation occurs by 
segmentation (in most ova, and for instance in the male ovules of 
Selachians), or by superficial germination (in the ova of Arthropods 
and in most male ovules), or by other mechanism, always, however, 
fundamentally of the same nature, It seems then more important 
to determine exactly the mechanism of division than to give a 
particular name to each stage of segmentation.” 

Such suggestions have, it seems to us, great value; the comparison - 
must, however, be developed in detail. (a) In such asimple case of 
spermatogenesis as that illustrated by sponges, where a cell dif- 
ferentiated from the mesoderm divides up into a regular sphere of 
uniform cells, each an incipient spermatozoon, or where this occurs 
with the interesting specialisation of one of the two first halves to 


* Of. J. Arthur Thomson “On Recent Researches on Polar-Cells,” &c., in 
Quart. Jour. Micr. Sci. (1886), 
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form a cover cell for the whole, there seems no difficulty in regarding 
the term sperm-morula applied to such a case as in the truest way 


descriptive, and in regarding the process as distinctly homologous 
- with that which occurs in the regular and total segmentation of the 


ovum (fig, A’, A”). 

(b) The division of the mother-sperm cell is not, however, always 
equal, but forms occur, ¢.g., in Plagiostome fishes, where one cell pre- 
dominates in size over the other (B’, B’), a phenomenon which admits 
of ready comparison with such a phase of unequal ovum-segmenta- 


tion as is represented in fig. B, where the morula consists of a large 


number of small cells, and of one somewhat predominant yolk-filled 
cell. 


(c) The not unfrequent form of spermatogenetic segmentation 


which Blomfield has described in the earthworm, where the incipient — 


sperm-cells enclose a more or less large undivided mass, at once 
suggests a comparison with the centrolecithal segmentation as exhi- 
bited, for instance, by a Peneus ovum, where the formative cells 


_ surround the central yolk-mass. And just as in cases of the latter, 
the individual cells are sometimes seen not very well defined off 


from the central: nutritive mass, so is it also in various forms of 
spermatogenesis (fig. C’, C”). | 
(da) Just as it was seen that, in those forms of sperm-segmentation 


which are directly comparable to morule, one cell might predomi- 
nate in size over the others (fig. B’ B’); so forms occur (see 


Gilson, &c.) where the sperm-cells are borne on the surface of a 
large undivided mass (fig. D’, D”), forming as it were a blastodermic 
plate, as seen in forms of partial ovum segmentation where the 


formative cells appear round one pole of the large undivided yolk- 
mass (fig. D). 


(ec) Between the last-mentioned case and that described by Von — 


Ebner there is but a step (fig. E’, HE”). The nucleated lappets, which 
he has described as crowning the large nutritive blastophore, differ 
but little from the formative cells just referred to, except in the 


indefiniteness of- their separation from the nutritive mass, a 


phenomenon which also finds its parallel i in stages of partial ovum- 
segmentation (fig. E). 

(f) In another form of spermatogenesis, observed for example 
by Semper in the Rays, the spermatocytes were found to be sunk 
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within the hollow of the nutritive blastophore (fig. F’). This cannot, 
indeed, be directly collated with any actual form of ovum segmen- 
tation, but’rather with the inversion of such a form of gastrula as is 
- seen (e.g.) in Teleostean ova, where the yolk protrudes in hernioid 
fashion from the endoderm cells of the epibolic gastrula (fig. F). 
Starting from the uninvaginated form, we should thus have in these 
two types of sperm and ovum segmentation what might be regarded 
_as the result of invagination from different sides,—in the former the 
nutritive, normally internal portion becoming the layer enveloping 
the formative cells,—just the reverse of what occurs in the latter. 
Of this inverted gastrulation, possibly represented in Elasmobranchs, 
traces may be detected in such a case as that described by Renson 
in mammals, where the sperms produced alongside of the large nutri- — 
tive cells yet find their way into them, and sinking in are again 

borne up and finally set free (fig. F”, “‘ obgastrula ” type). 

In regard to such a comparison, which appears to us a possible 
method of reconciling, without discreditin g, the discrepant observa-— 
tions of competent authorities, and of rationalising the various 
- methods of spermatogenesis, by comparing them with parallel 
processes in ovum-segmentation, the writers do not overlook that 
such a theory must wait for absolute verification till more data are 
available as to the behaviour of the nuclei in both cases, especially 
in spermatogenesis, for without this a real similarity of process can 
only be inferred from the likeness of the result. It must be noted 
also that the theory in no way falls with the failure of any parti- 
cular instance. Further, if it be true that the multitudinous 
details of spermatogenesis can be morphologically rationalised by 
collating them with the details of ovum-segmentation, the physio- 
logical problem remains of interpreting both in terms of that differ- 
ence in protoplasmic metabolism on which sex must finally depend. 
In a subsequent paper* by one- of us, these sex differences are 
traced to a preponderance. of anabolism in the female and kata- 
bolism in the male, and if this conception be applied to the pre- 
ceding, the physiological rationale of the morphological process may 
become no longer wholly unintelligible. 


_ * Geddes, ‘ Theory of Growth, Reproduction, Sox, and Heredity,” Proc. 
Roy. Soc. Edin., 1886. 
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EXPLANATION OF DIAGRAM. 


The first line, A-F,, exhibits types of ovum segmentation :—A, regular morula; 
B, unequal segmentation, ¢.g., in some Molluscs; C, centrolecithal type, ¢.9., 
in Peneus; D, partial segmentation; E, the same, with the cells less markedly 
defined off from the yolk; F, inverted gastrula or ‘‘obgastrula” form, ¢.g., 
in Teleosteans. 

In the next two lines various types of spermatogenesis are collated with the 
above to illustrate the parallelism :—A’and A”, morula type, as in Sponge, Tur- 


bellarian, Spider, &c. ; B’ and B”, where the division is unequal, and one large | 
— nutritive cell is seen (Plagiostome fishes, Von la Valette St George); C’ and C”, 


after Blomfield, Jensen, &c., showing central cytophoral or blastophoral 
nutritive portion; D’ and D”, sperm-blastoderm, with a few formative cells 
on large nutritive tinstoghore, after Gilson, &c.; E’ and I”, the same, with 
the sperm cells less definitely separated off, after Von Ebner and his followers ; 


F’ and F”’, “ obgastrula type,” in which the nutritive portion has come to sur- — 


round the formative cells, after Swaen and Masquelin, Renson, &c. (See Text.) 
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7. On Certain Theorems mainly connected with Alternants. 
By A. H. Anglin, MA., LL.B, F.R.S. (Edin.), &e. 


i. It is well known that if h, denote the sum of the homo- 
geneous products of a, b,c, . . . ¢ of m dimensions, while h’, refers 
similarly to b, c,d, ... l, then 

The proof, which is very simple, may be stated thus :— 
We have | 

+a" *h', +a" hot... + ',-1) 
| +h'n3 
that is, 


fons 3 
f 
2 
j 
i 
é 
‘ 
; 
? 
4 
é 
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2. This theorem admits of a wide generalisation, the direction — 


of which may be suggested by writing the right-hand member as 
a determinant, so that the simplest case takes the form 


a 


or, say, rather 


1 


which again, merely for shortness’ sake and in order to give greater — 


prominence to the suffixes, may be written 


l)'= 

ow 

To take the next case in order of complexity, we have _ 
(p+1) (p+2)'|_|(p+1)-a(p), (p+2)-a(p+1) 
(g +2) |(a+1)-a(g), (g+2)-a(g+1) 


_|(e+1) (p+2)|_ (p) (p+2) p+1) 
4 a a? 


(p) (p+1) (p+2)}. 
(a@+1) (¢+2)] 
In like manner we have 

|\(p+]) (p+2) (p+3/' 
(¢+2)' (q+3)' 
(r+1)! (r+2) (r+3) 
(p +1) -a(p), (p+2)—a(p+1), (p +3) -a(p+2) 
(g+1)-a(g), (¢+2)-a(g+1), (¢+38)-a(q +2) 
|(r+1)-a(r), (r+2)-a(r+1), (7 +3)-a(r +2) 


(p+1) (p+2) (p+8) (p) (p+2) (p+3) 
(g+2) (9) (¢+2) (¢+3) 
(r+1) (r+2) +3) (r) (r+2} (7 +83) 


(p) (p+1) (p+3)| |(p) (p+2) 
(gq) (a+1) (g+1) (¢+2) 
(r) (r+1) (r+83)] +1) +2) 
a a2 ae 
(p) (p+1) (p+2) (p+3) 
(g) (g+1) (¢+2) 
(r) (r+1) (r+2) (r+3) 


hn 
| 
1 
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The method of procedure is evidently quite independent of the 
order of the ——— so that we have the general theorem 


(p+1) (p+2) | 
(q+m-—2)' 
(r+2) (7 +3)... (r+m-— 2)’ 


(p) (p+1) (p+2) (pt+3)...(p+m-—2) 


(q) (g+1) 
=|(r) (r+1) (r+2) (r+3)...(r7+m-2) 


(a) (248)... (2+m-2)| 


| ‘the number of letters, D, q, (eik being m — 2. 


It should be observed that, as the demonstration ion not take 
into account any properties of h, or h’,, but merely the equation of 


relationship, this result is true of any functions which _— to be 
related as this equation indicates, 


3. The connection which the theorem h’,, = h,—ah,_,, and its 
generalisation have with the theory of alternants, arises from the 
fact that every h is representable as the quotient of two alternants, 
viz., the quotient of an alternant of the second simplest form, ¢.g., 


laa a a | 
1 B 

* 


by an alternant of the simplest form, e9., 
| | 


which latter being the difference-product of a, b, c, d, e we denote 
also by {(abede). In the particular case here instanced the 


— 
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4. We come now to show that, if the complementary minors of 
all the elements of the last column of an alternant be taken, their 
product is divisible by some power of @(abe...). This result, it 


will be seen, rests formally on the fact that the said minors are 
themselves alternants. 


First, let us consider the case where the indices of the minors are — 


consecutive, so that each minor is the esheets of the 
letters which it involves. 


Denoting throughout the phrase, Product of 
minors of elements of last column” (in any alternant) by P,,, we 
see that (in the case of three letters, a, b, c), in the case of 

| | 
the value of P,, is obviously 
| | or 
Again, in the case of | 
| | 


‘the factor ae b) sedeuds occurs only in the cofactors of the 


elements c” and d”, and similarly with regard to the other Reohers ji in 
the difference-product of a, 8, ¢, d. 
Thus we have 


P,, = | a%'e2d" |2 or L(abed). 
So, in the case of 


| |, 


since the factor (a - b) obviously occurs only in the cofactors of the 
elements c”, d", and e", and similarly with regard to the other 
factors in the difference-product of a, b, c, d, e, we have 


= or ti(abede) 


While, generally (the number of letters a, b, c,...&k, l being m), 
in the case of | | 


| .. | 


since the factor (a—b) occurs in the cofactors of the elements 


4 
i 
al 
| 
\ 
| 
y 
Fn 
% 
3 
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c", d", e",... 1", that is, m—2 times, and similarly for the other 
factors in the difference-product of a, b, ¢,... 1, it follows that 


m—2 


or (a, ¢,... 1). 


Secondly, when the indices of the minors are not consecutive. 
Before proceeding to the nth order, we shall, for greater clearness, 
‘first consider a particular case—say, the fifth order. 
In the determinant : 
| c?d"e" | , 
since from a known result in the theory of alternants the minor 


| b%cld2¢" | = (bcde)h',_ 
we have by § 1 


| | (bede) 4) (3) 


with like results for the other four minors of the determinant. | 


Hence the value of P,, in 


| | | 
is equal to P,, in 
| | 


| multiplied by the product of 


| 
(r—4) (r-3)| 


and four like expressions with }, c, d, e respectively in the first row _ 


instead of a; a result which may be represented thus : 
l a 
(r-4) (r - 3) 
| |, 

since it has been previously established that the minor, 
| (r-3)' (r- 2) 
(q- 2) 
1 a a 
= {i(bede) |\(r-—4) (r-—3) (r-2) 
(q-4) (g-8) (@-2) 


P,, = . 


Again, in 


9 


| | = 


which by § 1. 


4 
3 
4 
| 
a 
t| 
a 
al 
\ 
| 
4 
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with like results for the other four minors, we have 
P,, in | | 


=P,, in | a°b'c*d%e" | multiplied by the product of the cofactor of 


‘G(bede) last written and four like expressions with 8, ¢, d, e re- 
_ spectively in the first row instead of a; and thus we have 


a 
(r-8) (r-2)|. 
(q-4) (¢-3) (@-2) 


| ab? ctd"e” | 


Lastly, in 


since the minor 
| Dc?dte” | = (bede)|(q - 3)’ (g-2) (q-1)' 
(p-3)' (p-2) (p-ly 
(g~4) (9-8) -(@-2) 
(p-4) (p-38) (p-2) (p-1)1 


with like results for the other four minors, we have 


by § 


P,, in | a°b?e%d"e" | 


=P,, in | a*b'c?d%e"| multiplied by the product of the cofactor of : 
C(bede) last written and four like expressions with J, ¢, d, e re- — 
spectively in the first row instead of a ; and thus: 


| 1 a ae a? | 
P= ¢3(abcde) (7 ) (r 3) (7 2) (7 1) 


(q-4) (g-8) (¢g-2) 
(p—4) (p-3) (p-2) (p-1) 


Generally, in the case of m letters a, b, c, ... h, k, J, since in 


which by § 1 | 


=O(bed 


| | 
= 
19 
7 
Rr 
4 
x 
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with m -- 1 like results for the other minors, we have 


=P, in | ac? ... | multiplied by the product of the 
cofactor of ... last written and m-—1 like expressions 
with 6, c, d,...U respectively in the first row instead of a; and 
thus we 


where 0 consists of m factors from a to 1 inclusive. 
Again, in | | 
since the minor | 3 | 
| +2) (2-m+8)’ 

Weld? .. 4h | = | ™ 
| We | = (y—m+2) (y—m+3y’ 


which by § 1 

a a? 

={bed...1) | (e-m+1), (¢-m+2), (2—m+3) 
(y—m+1), (y—m+2), (y- m+ 8) 


with m— 1 like results for the other minors, we have 
P,, in | | 


= P, in 2" | multiplied by the of the 
cofactor of . 2) last written and m-—1 like expressions 
with }, c, d,...J respectively in the first row instead of a; and 


thus we have 


1 a a? 
(abe, ..1).1L| (2-m+1), (z-m+2), (2—m+3) 
(y—m+1), (y-m+2), (y + 3) 


And in like manner it may be shown that in 
a a2 a3 


Pn = (abe 


(z—m+1), (¢-m+2), (e—m+3), (z—m+4) 
(y—m+1), (y—m+2), (y-m+3), (y—m+4) 
(x-m+1), (e-m-+2), (c—m+3), 4) 


» 
“> 
” 
$4 
‘ 
toe 
| 
3 
7 
tess 
aan 
Be 
¢ 
“ 
4 
fai 
4 
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Lastly, when the minors involve m —2 general indices 7, q, 7,... 
2, Y, 2, since in 


abet... | 
the minor | 


| | | 

(2—m+3) ... 
| (y-m+2y’, (y—m-+3)'... 
= {bed .. . 1) 
(q-m+2)y, (q-m+3)’ cee (q-1)’ 
(p- m+ 2), 


with m - 1 like results for the other minors, it will follow as before 


by the application of § 1 that 


P,, in | . | 

(2-m+1), (2—m+2), (¢-—m+3)... (2-1) 
(y—m+1), (y—m+2), (y—-m+3)...(y-1) 


m+ 1), (q +2), (y-1) 
(p-m+1), (p-m+2), (p—m+8)...(p-1) 


5. If it be not already known, there is no difficulty in showing 


that the product of all the determinants of the second order, which 


can be formed from any two rows of elements, can be expressed as 
an alternant. Thus, taking two rows of three elements each, 


a & 


we have 


a3 
b, 


a a, 
b, 6, 


a 
b, 6, 


(A) 


or — £#(ab,b,, 


i 

; 

= 
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There is also another alternant expression for the product 
| 42, || 45, || 2,0, |, which may be obtained either from (A), or quite 
independently as follows :— 

We have 


yds || |] | 


a 
b, 
=| 1 (3!) X (403)? 
a, 
2 


64 


6. Further, the right-hand member of either (A) or (B) is readily | 


seen to be 
a, 
as*b\b, |, 


so that by developing this in terms of the elements of the first 
column and their complementary minors, we have the identity 


|| || 415. | = | | — | | (C) 
ee now we consider the determinants in this identity as minors of 

the determinant | a,b,c,|, and apply the Law of Complementaries,* 
we have the conjugate theorem 

by | | == hy | abs || || |? — Be | || || |? 
| +b, | || a,b, || b,c, 
or, after division, by | || 410, || 

| || || | | a, | | ay | 


Further, if we write a’s for b’s in this result, and vice versa, the 


* Thomas Muir, M.A., Trans. Roy. Soc. Edin., vol. xxx. p. 1. 


3 2 3 17 \“2 1 
4 
i 
4 
3 
4 
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_ right-hand side changes form and sign, while the left-hand side 


changes sign only ; so that we have a second expression for 


| |? 
| || || | 


which two results may be combined in one enunciation as follows :— 
_ If (12) denote either | 


joa. | |? 
| | a,b 
172 199 | | 
‘ 12 
(28) (18) + (12) =, 


|| 


7. In an exactly analogous way, starting with the two rows of 


elements, 


A, A, Ag 


b, by by b 
we can show that 1 by dy by, 


| || || || || || | 


and also | 


af. 


and therefore 


a,” 

lagbybob, 


and thence expanding in terms of the elements of the first column 


and their complementary minors, and using (B), we have the 


identity 
ayby || || || 42g || || | 
= | || || | — | || |] 50, | 


+ 5b bob, | dbo || {] | — | || || (Cy) 


"be 
¥ 
| 
4 
4 
. 
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With the help of the Law of Complementaries we should then 


obtain the conjugate theorem | 
or, after division by 


| a,b, bye. a 
| || Ay bye, || ay | 


|| || 3&4 | || |] Byes || 34 | 


| |? | b,c,7, |° 


+ 
| yee || || | || || || boc, | 


- (D,) 


As before, we observe that, if in this result we write a’s for b’s and 
vice versd and again if in the result so obtained we write b’s for c’s 
and vice versa, in each case the right-hand side changes form, while 
the left hand side remains unaltered, so that we obtain two addi- 


tional expressions for this side; hence— 
denote 


then 
| |° (II.) 


(234) — (134) + (124) -— (123) = p 
where in each expression P,, denotes the product of the comple- 
_ mentary minors of the elements of the last column of the deter- 
minant in the numerator. 

VOL. XIII. 3 I 


* 
4 
4 
| 
} 
3 
4 
4 


834 Proceedings of the Royal Society 


In like manner it can be shown that, © 
If (1234) denote | 
| | | Pa’ | 4 Pn | P,,” 
or | 
|.a,6 
4 

then will 


(2345) - (1345) + (1245) — (1235) + (1234) 


™ 


8. It is thus evident that the theorem is a general one, so that 
starting with the two rows of m elements each, 


a, 


we can show that the product of all the determinants of the second 
oom which can be formed from them, viz. :— 


which consists of 4m(m - 1) factors, 


| | (Ap) 

where the index x= 4(m —1)(m-— 2); and also 


m—1 m—2 m—3], 2 -1 
OP 


and therefore 


m—3 m—2 
a, b, 9 ee @ b, 


| = 
e 
— 
+ 
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and thence expanding in terms of the elements of the first column 
and their complementary minors, and observing the corresponding 
result to (B,) for two rows of m—1 elements each, viz. :— 


m—2 m—3 m—2 . 
m-2 m—3 m—2 
b, 9 eee b,’ 


a™-2 m—3 


we have the identity 


= + | || | + + | | 


Using the Law of Complementaries, we should then obtain the 
conjugate theorem (involving elements formed from m letters 
7 


where the coefficient of | a,b,¢,... in the left-hand side 
consists of 4m(m—1) factors, formed by taking the m suffixes m— 2. 


together ; and in which coefficient A,, Ag As -++ An denote the 
products of those factors in which the suffixes 1, 2,3... m respec- 
tively occur, and so have each 3(m-—1) (m-—2) factors; while 


B, B, Bz... B,, denote the products of those factors in the 


expression 

in which the suffixes 1, 2, 3, . . . m respectively occur, and so have 
each m — 1 factors. 


° . 
} 
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Hence dividing off by 
we get | 
| 


where in each expression in the right hand side P,, dintins the 
product of the complementary minors of the elements of the last — 
column of the determinant in the numerator. | 
As before, by interchanges in certain letters, the right-hand side ~ 
changes form, while the left remains unaltered, so that we get m — 2 
additional expressions, which will be: seen from the following 
general enunciation :— 3 


If (123...m-—1) denote any one of the following m-1 
pressions, | 


KP, 


? 


KP, 


then 
(234... m)-(1384... m)+(124... m) 


+(-1)"". (123... m-1) 


9. ‘The foregoing results admit of the following interesting geome- 
trical interpretation. 

Let ABC be a triangle the equations to whose silos in aalioaen. 
-Go-ordinates are 


actbyte,=0, artbytc=0, ar + by +¢,=0, 
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and suppose the sides when produced to meet the co-ordinate axes 
OX and OY in A,, A,, A, and B,, B,, B, respectively. Then 


— boc,)? 
2 ACB B, = — 
and 


vertices are at A and B and sides intercepted 
_ by the axes, 
But, from the geometry of the figure, 


ABC=AB,B, BB,B, + CBB, 
and 


ABC=AA,A,~BA,A, +04) Ay, 
pressions by (12), we have © 


2.4 ABC = (23) (13) +(12), 


| |? (T 
| || | by (1.) 


Q Ao A xX 


Again, let PQRS be a tetrahedron, the visions to whose planes 


are of the form az + by + cz+d=0, which we may call 1, 2, 3,4; and 


suppose the planes 1, 2, 3, meeting in S, when produced to inter- 


cept on the co-ordinate plane of YZ the triangle A, B, C, 
Then, by the foregoing, 


| hyeod |? 
$448.0 
| | || | 


Multiplying this expression by the 2 of the _ S, namely, 
| | + | a,b,¢, |, we thus get 


6 vol. SA,B,C, = | 


In like manner, if £ A,B,C, and A,B,C, be the triangles intercepted 


y with like expressions for the triangles whose 


Hence, denoting either of the above ex- — 


B Cc 
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on the co-ordinate planes of ZX and XY respectively by the planes 
1, 2, 3 produced, we shall get 


$ vel. SA CCB. | 
| | || || || | 
and | 


6 vol SA B.C, = | 
Dg || a,b, || a,b, || bees | 


with corresponding expressions for the tetrahedra similarly formed, 
and having their vertices at P, Q, and R respectively. 


S 


But, from the geometry of the figure, we have 
PQRS =PDFC + REBF —- QADE - SABC, 


where EABCD is the figure formed on any co-ordinate plane by the | 
planes 1, 2, 3, 4 produced. — | 


Hence, denoting by (1 2 3) any one of the above three expressions 
obtained for volumes, we have 


6 vol. PQRS = (234) — (134) + (124) - (123) 


| |° 
| || || || | 


by (II). 


\ 
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By proceeding to deduce the next case from that just obtained, in 

the same way as we deduced the case of a tetrahedron from that 

ofa triangle, we multiply the expression | b,c,d,e, |? +P, by the x of 

four equations of the form ax + by +cz+du+e=0, and thus obtain 
| |* 

which is denoted by (1234). In like manner we obtain the 
expressions denoted by (12345), d&c., and so the general type of 
expression denoted by (123...m-1); but as these expressions 


are of 4, 5, and higher dimensions, the results involving them are of 
little importance geometrically. 


PRIVATE BUSINESS. 


James Oliver, M.B., was balloted for, and declared duly elected 
a Fellow of the Society. | 


Monday, 21st June 1886. 
Suerirr FORBES IRVINE, Vice-President, in the Chair. 
The following Communications were read :— 


1. The Diurnal Variation in the Direction of the Summer 
Winds on Ben Nevis. By R. T. Omond, Superin- 
tendent, Ben Nevis Observatory. = 


The most cursory examination of the wind records of the Ben 
Nevis Observatory shows that there is, even in fine weather, no 
strongly marked daily variation in their direction; nothing compar- 
able to the land and sea breezes observed on our own coasts in 
summer. In order to see whether there was not some regular daily 
change concealed in the extremely variable winds actually observed, 
I reduced, by means of a traverse table, to north-south and west- 
east co-ordinates each observation during the summer months (June, 
July, August) of 1884 and 1885, taking account of the velocity of 
the wind as well as of its direction, so as to get the actual mean air 
motion at each hour of the day. As the anemometers at Ben Nevis 
cannot be trusted to work continuously even in summer, but get 
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frozen fast every now and then, it was necessary to do this from the 
hourly eye observations. The scale for wind pressure used is 
supposed to be the ordinary Beaufort Scale, running from 0 to 12, 
and in reducing the observed winds to miles per hour I used the 
numbers given by Mr Scott of the Meteorological Office, which are 
usually regarded as the standard for this purpose. Since then I 
have found that our variety of the Beaufort Scale differs from the 
standard in a rather curious manner. In the following table the | 
velocities in miles per hour corresponding to each Beaufort number 
is given—first, according to Mr Scott, and second, from the averages | 
of the readings of the Robinson Anemometer when working satis- 
factorily at Ben Nevis Observatory. 


Scott, 3| 8| 13 | 18 | 23 | 28 | 34 | 40 | 48 | 56 | 65 | 75 | 90 

BN.O., . |... | 5| 12] 21 | 31 | 89 | 50 | 63 | 
| | 


The result is shown graphically in the diagram. In this the 
abscisse are the numbers of the Beaufort Scale, and the ordinates 
miles per hour. At the top are put the numbers of the Land Scale 
used in the reports from Ben Nevis published in the daily papers; 
each number in it is just one-half of the corresponding Beaufort — 
number. The red line is drawn from Mr Scott’s constants showing 
the velocity corresponding to each number. The black line gives 
the results got at Ben Nevis Observatory up to force 8. It will be 
seen that at 1 our velocity is lower than the standard, at 2 about 
the same, and at all above that higher. And what is more remark- 
able, while Mr Scott’s is a pretty regular curve, ours, making allow- 
ance for the shakiness due to the small number of observations, is 
practically a straight line. There are no observations above force 8, 
but the velocity corresponding to force 8 on Ben Nevis (force 4 in 

the newspaper reports) is very nearly equal to what is usually 
called force 11, namely, 73 miles an hour; and if the line continues 
straight at the higher values, as indicated by the dotted extension 
on the diagram, the average velocity of the wind in a first class 
Ben Nevis gale, such as was experienced in February 1885, must be - 
somewhere about 120 miles an hour. 


By using Mr Scott’s numbers to reduce the Ben Nevis observa- 


— 
5 
| 
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tions a considerable error is thus introduced, especially at the higher 
velocities. To reduce this error as far as possible, I have only 
taken those days in summer in which no wind of over force 3 (21 
‘miles an hour) was recorded. This practically picks out all the 
fine days, and on these days the daily variation might be supposed 
to be better marked than during stormy weather. In the summer 
of 1884 there were 27 such days, and in that of 1885, 47. Along 


with each day was included the observation of the previous mid- 
night, so as to have the data for correcting the residual inequality — 
in the means. For 1884 the mean air motion for the whole day | 
was from about 8.W. by 8., and for 1885 from W.N.W. The 
mean winds at each hour, however, differed much from these, and 
in spite of the difference between the days’ means in the two years, 
the hourly means agreed substantially with each other, both in 
direction and velocity. The two years were therefore added 
together, the mean wind for the day then coming out as W.S.W., 
and of very small velocity, only about 14 miles per hour. By 


? 
| 
‘ 
/ 
| 
| 
\ 
A \ 
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subtracting the co-ordinates of the mean wind for the whole 
day from those of the mean wind at any hour, we get what may 
be called the difference wind of that hour; that is to say, the 
wind which must be added to the mean wind of the day to produce 


the wind of that hour. The difference winds thus got show a 


well-marked diurnal variation. From 3 to 8 a.m. there is a 


northerly wind of about 25 miles an hour, and from 11 a.m. to 


2 pM. there is a south or S8.S.E. wind of about 3 miles an hour. 
At the other hours the difference winds are small and variable in 
direction, except about midnight, when there is an indication of a 
moderate difference wind in the same direction as the mean daily 
wind. This last may be dueto the daily variation in velocity 


(independent of direction) which is such a well-marked feature on 


Ben Nevis. When sufficient data are collected, I hope to be able 
to get a clue as to how far this diurnal variation in velocity is due 
to a horizontal wind and how far to vertical currents. It may be 
noted in passing, that the hours at which these difference winds 
change their direction have no connection with the hours of change 
of watch at the Observatory, so they cannot be due to any difference 
in the estimation of the wind by different observers. | | 
The most marked features in the diurnal variation are the northerly 
winds shortly after sunrise, and the southerly ones about noon. I~ 
think the most obvious explanation of their cause is to be found in 
the shape of Ben Nevis. The ridge of the hill top runs east and 


west ; on the north side is a deep gorge with precipitous sides, into 
which the sun only penetrates for a few hours after sunrise in 


summer ; the south side consists of a steep slope going down into 


Glen Nevis at an angle of about 30 degrees. In the early morning 


the sun’s rays slanting down the northern valley would warm the 
air in it, while the south side of the hill was still cold from the 
night’s radiation, and thus cause a northerly wind across the top. 
As soon as the sun swings round to the south the northern valley 
is in shade, while the bare stony slope to southward gets warmed in 
its turn, and a reverse or southerly wind is set up. 

If the above explanation is correct, these winds are purely local, 
and not connected with any general system of land and sea breezes. 
To attempt to explain them on the latter hypothesis, I believe it 
would be necessary to assume that Ben Nevis was in the back- 
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draught of the land and sea breezes; that the southerly winds of 
_ noon were the overflow from a low-lying cyclone occupying central 
Scotland, and that the midnight westerly winds were the return 
current from the lower night land wind feeding an anticyclone ~ 
similarly placed; while the northerly winds shortly after sunrise 
could only be accounted for by supposing the daily cyclone to 
originate in the upper atmosphere shortly after sunrise, and extend. 


downwards as the heat of the day increased, finally dying out at a 
low level. | | 


9. The Meteorology of Ben Nevis. By Alex. Buchan, M.A. : 


From the commencement of the meteorological researches on Ben 
Nevis, a double set of observations bave been carried on—one set on 
the top of the Ben, and the other at a station at Fort William near 
the level of the sea. It is not so much from the observations made 
on the top considered by themselves, as to their relations to those 
made at the base, that we may hope to arrive at a better knowledge 
_ of the atmosphere, and particularly at a better understanding of the 
principles of weather forecasting. Accordingly, both stations were 
from the first fitted up with the best instruments. 

The observations on the top are made hourly, and those at Fort 
William six times a day ; and to the latter station, in addition, a 
barograph and a thermograph have been added, the results of which 
are particularly valuable as affording a ready means of detecting : 
Inadvertent errors of observation or of transcription. Thus the 
system of observation for Ben Nevis yields as trustworthy records 
as can possibly be obtained. As regards the observations of tem- 
‘perature at the Observatory, it is absolutely necessary that these 
be made with the eye, owing chiefly to the heavy snow-drifts and 
incrustations of ice, with which everything exposed to the free 
_ atmosphere gets frequently covered. Owing to the violence of the 
winds which occasionally blow for hours together at a mean velocity 
of about 120 miles an hour, maximum and minimum thermometers — 
do not give trustworthy results. | 

Mr Omond and his staff of assistants went into residence in the 
end of November 1883. The present paper deals with the two and 
a half years’ observations from that date, to May 31, 1886. From 


> 
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these observations, the hourly variation of atmospheric temperature, . 
pressure, and wind velocity have been calculated, and the results, 


illustrated by diagrams, were submitted to the meeting. From the 


double set of observations, it is seen that the rate of decrease of 
temperature with height is 1° for every 270 feet of ascent. This 
result has a peculiar value attached to it, seeing that both at the 
Observatory and at the sea-level station, the arrangements carried 
out are such as to minimise the effects of solar and terrestrial 
radiation. 

The corrections to sea-level for the barometric observations at the 
Observatory, 4406 feet high, have been emphatically determined 
from the double set of observations, for each tenth inch of the 
pressure at sea-level from 28°500 inches to 30:600 inches, and for 
every 2°°0 of the outside temperature from 18°:0 to 60°°0. The 
results are closely accordant with the figures for a sea-level pressure 
of 30°000 inches published by General Hagan of the U.S. Signal 
Office, and in use by the American observers. For each 2°:0 from 


18°:0 to 60°:0, the sea-level corrections for Ben Nevis are 0°020 
inch greater than the figures of the Signal Office. 


_ The sea-level corrections for the Observatory have been worked 
out from the formula given by Laplace in his Méchanique Céleste 
in the form employed by the Meteorological Council. At an outside 
temperature of 45°, the correction derived from the formula is the 
same as the correction calculated directly from the observations. © 
At lower temperatures, the correction from the formula steadily 
increases, and at a temperature of 20°, and sea-level pressure of 
30-000 inches, it is 0-040 inch larger than the empirically deter- 
mined correction. At temperatures higher than 45°, the empirically — 
determined correction is the larger one. The general result is, | 
while by the formula, the correction for each increase of 2° of the 
temperature is 0°018 inch less, by the observations directly it is 
only 0°015 inch less, or the difference in the correction for a | 
difference of 2° of the outside temperature is a sixth part greater — 
than observations shows it to be. . 


7 

or 


| 

| 

= 
| 
| | 
| 


Vol. Plate XXX. 


Proc. Roy. soc. Edin 


ce 


4% Yavian- 


| : 
| 
| 
a 
a 
fe 
¢ 


of Edinburgh, Session 1885-86. » 845 


3, On some Algoid Lake-Balls found in South Vist. 
By G. W. W. Barclay, F.R.S.E. (Plate XXX.) 


In August of last year I was in South Uist on an angling expe- 
dition, and, while fishing one of the lochs on the island, my attention 
was drawn to some very remarkable balls that were lying in great 
numbers at the bottom. I examined a good many of these, and 
- found that they were composed of innumerable algal filaments so 
intertwined and matted together as to form an outer covering of 
an almost felt-like consistency, which could, however, be torn open 
without difficulty. This outer coating varied (speaking very roughly) 
from about a twentieth to two-twentieths of an inch in thickness, 
or even more, and the interior of the balls consisted, so far as the 

naked eye could see, only of mud. © The microscope, of course, tells 
a different story. 
I made a number of i inquiries at the time with a view to discover- 
‘ing if possible the nature and origin of these balls, but beyond the 
fact that they were well known to have existed from time imme- 
morial in this loch (and, it was confidently asserted, in no other 
loch on the island), I could ascertain nothing about them. I 
brought away some of the balls with me, and, failing to find any 
mention of them in any books on the Hebrides to which I could 
gain access, I wrote to the principal inhabitants of the island, and 
to any one else whom I thought likely to be able to assist me in my 
efforts to discover what the balls were and how they originated—but 
without result. I was not at that time aware that lake-balls of this 
kind are found in several European countries, and, after making 
that discovery, I should scarcely have thought them sufficiently 
curious to justify my taking up even a very little of the time of the 
Society, but that some of my friends who had seen them and who 
are learned in botanical matters seemed to consider them rarities, 
and to think that some account of them might be interesting. I 
venture, therefore, to offer a very brief description of the balls (of 
which I have placed a number on the table for inspection), and to 
give an account of the locality in which they were found. 

A microscopic examination of the balls shows that they are com- 
posed of a filamentous alga, Cladophora glomerata, a variety of 


i 
» 

3 

J 

r 

4 

| 


846 Proceedings of the Royal Society 


Cladophora eegagroptla of Rabenhorst, described and pictured in 
Hassall’s Algw, p. 213,in part. I have had two diagrams prepared 


showing (a) the appearance of the alga under the microscope, and 
__ (0) a highly-magnified view of one of the filaments ; and I am able, 


by the kindness of Professor Dickson, to show under the microscopes 
in the ante-room portions of the coverings of these balls (see 
Plate XXX., figs. 4, 5, and 6). I must express my special thanks to 
Dr J. M. Macfarlane, to whom [ am indebted for the microscopical 


preparations, and for much kind assistance in other ways. Under 


one of the microscopes will be found a slide showing a portion of 
the contents of one of the balls. The interior is seen to be filled 
with diatoms and the decomposed remains of the inner ends of the 
radiating filaments.. Some of the filaments exhibit fructification, 
the cell contents in several of them being differentiated into spores 
which in time will be set free to propagate the plant. _ 

The loch in which these balls are found—Lower Kildonan by 
name—is an irregular sheet of water, less than half a mile across in 
any direction. It lies near the west coast of the island, and is con- 
nected with the sea by the so-called “river” Roglass, which is, in 
reality, little more than a large ditch some 8 feet broad and about 
three-quarters of a mile in length. The whole of the west side of 


— South Uist is very flat, and the loch itself lies only a few feet above 


the sea-level. Lower Kildonan is a fresh-water loch, being connected 


of with several other inland lochs, as will be seen from the Ordnance 


Survey map; and its water, except when and where the tide from 
the Roglass enters it, is fresh. It is, however, precisely at this part 
of the loch where the water is occasionally rendered brackish by 


the tide that these balls occur, and this is interesting in view of the 


fact that Cladophora cegagropila is found both in fresh and salt 
water. The loch here is quite shallow, and the bottom seems to be 
a mixture of sand and mud, the former predominating, The balls 


lie in a depth of 2 to 3 feet, and cover areas of many square yards, 


showing conspicuously by their dark colour against the light sandy 
bottom. They lie alongside of one another in great numbers, and 
vary in size from about a quarter of an inch to 3 or 4 inches in 
diameter. In some cases a complete small ball is found inside a 
larger one, and a specimen of this kind is on the table. Mr Mac- 
Lean of Milton told me he had frequently seen balls containing 
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more than one smaller one, but I did not come across any case of 
this sort. The balls are for the most part spherical or nearly so, i 
but a considerable proportion of them are irregular in shape, as the 
specimens exhibited show. I heard them described not badly, if in 
a somewhat unscientific way, by one of the islanders as being like | 
“a lot of potatoes. ” The smaller the balls the more spherical do 
they seem to be. I unfortunately made no attempt to secure the 
largest 1 met with, but 1 remember an angler saying he had seen 
one ball “as big as his hat.” As this gentleman was a clergyman 
there could, of course, be no doubt as to the correctness of his 
statement, and the only question is as to the size of his head, which 
I stupidly omitted to measure. I can only say that I saw no balls 
of anything like the size of my own head. 

There are three sets of the balls on the table here this evening— 
(1) some of those which I took out of the loch in August last, and 
which have been lying untouched ever since ;. (2) some which, Mr 
Charles MacLean of Milton (whose farm is close to the loch) was 
good enough to get for me during the winter ; (3) some which were 
sent to me last week by Mr Mearns, the obliging hotel-keeper at 
Lochboisdale, whose inn—a most comfortable house—is about 74 
miles from Lower Kildonan. Illustrations of two of the balls exhi- 
bited are given on the accompanying Plate. Figs. 1 and 2 represent 
one of the fresh balls not many days out of the water. Fig. 3 shows 
a dried specimen, taken from the loch nearly a year ago. 

I have also placed on the table a very interesting ball of the same 
description, which has been lent to me by Professor L. Fischer of the 
Botanical Gardens in Bern, and which comes, he tells me, from Elles- 
mere, in Shropshire. Ata meeting of the Naturforschende Gesell- 
schaft of Bern in 1884, Professor Fischer referred to these algoid : 
lake-balls, of which he says a number of varieties are distinguished 
according to the structure of the filaments and the size of the balls. 
He says they are met with in lakes chiefly in Sweden, Norway, 
Northern Germany, Austria, and Upper Italy ; and he adds that they 
are also found in the sea (‘‘auch marine Fundorte werden angegeben”). 
I wrote to Professor Fischer, and received from him this English lake- 
ball. It will be seen that the filaments are longer and more silky, and 
of a somewhat different shade of green from the other balls exhibited. 

I have mentioned that the people in South Uist, to whom I put 
my first questions regarding the balls, asserted that they were found 
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in-no other loch in the island except Lower Kildonan. But they 
went further than this, and I found in the course of my inquiries a 
very persistent and ever-recurring legend, that only in one other 
loch in Scotland were these curiosities to be found, most of my 
informants adding that that other loch was in Orkney. Mr Angus 
MacLennan, for example, Lady Gordon Cathcart’s factor in South 
Vist, writes—“ I understand the same kind of balls are to be found 
_ in some other one loch only in Scotland.” | 

Mr Ranald MacDonald, her Ladyship’s factor at Cluny Castle, 
says, in reply to a question—“TI did hear that similar balls were 
found in a certain place in Orkney, but I am sorry that my infor- 
mation is of a very general and indefinite character.” 

Mr MacLean of Milton writes—“I believe they are not to be | 
found in any loch in Scotland. I heard some gentlemen, a good 
many years ago, make the remark that they were found in one loch 
in Orkney, but whether that statement was correct or not, I have 
no proof of it.” 

And Mr Campbell, the oldest Roman Catholic priest in the 
island, writes—‘‘ I heard only of one other loch in which these balls 
were found, ~” the locality in which it is situated I cannot re- 
member now.” | | 

I followed up the hint as to Orkney, and communicated with Mr. 
J. W. Cursiter of Kirkwall, who is a Fellow of the Society of Anti- 
quaries, and a well-known authority on Orcadian matters. He 
asserts positively that no such balls have been found in the Orkney 
Islands, and I have not been able to ascertain that they are abso- 
lutely Anown to occur in any other loch in Scotland. 


[Postscript.—Since reading this paper, I have had the pleasure 
of seeing Mr Cursiter at Kirkwall, and although he is certain that 
there is no record of these balls having been met with in Orkney, 
we were interested to find Cladophora glomerata included in a pub-. 
lished list of the alge known to occur in the Islands. ] 


DESCRIPTION OF. Pr ATE. 


Fig, 1. Fresh lake-ball, showing the growing ends of the filaments protruding. 
Fig. 2. Fresh lake-ball in section, the cavity being partially filled with a 


spherical ball composed of the remains of the decayed interior. 
Fig. 3. Dried ball of smaller size. 


Fig, 4. A few of the filaments, x 100°. 
Figs, 5 and 6. Filaments seen under power, x 400°. 
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4. The Duration of the Life of Red Blood Corpuscles, as 
ascertainable by Transfusion. By William Hunter, M.D. 


(Edin.), late President of the Royal Medical Society, 


(Abstract.) 


The question as s to the normal duration of the life of red blood 


corpuscles has hitherto been considered more as a matter for specu- 
lative inquiry than for experimental proof. Attempts have from 
time to time been made by various observers to solve it experimen- 
tally, by injecting the blood of one animal into the circulation of 
another, whose blood corpuscles were of different size and shape, 


and then noting how long the foreign blood corpuscles remained - 


discoverable in the body of their host. As might have been antici- 
pated, the success of such experiments has not.been very striking. — 

Marfels and Moleschott, so early as 1856, arrived in this way at 
the conclusion that the normal duration of their life must be a very 


long one, since even after the lapse of months they could still recog- 


nise the corpuscles of the sheep in the circulation of the frog. 
Brown-Séquard, also (1857), made some similar observations, 


with, it must be confessed, somewhat anomalous results; for whilst — 


_ the blood corpuscles of the dog or rabbit were recognisable in the 
blood of fowls a month after injection into the circulation, on 
the other hand, the blood corpuscles of fowls were not to be found 
in the blood of dogs or rabbits even one hour after injection. 


These results were not well reconcilable with each other. The. 
latter observation was probably the more correct of the two, since 


as is now known from the experiments of Panum, Landois, Ponfick, 
and others, such a method of investigation, implying as it does the 
use of “dissimilar” blood, ¢.¢, blood derived from an animal of 
_ another species, is doomed from the outset to failure, the blood 
corpuscles of such blood when introduced into the body of their 
host always breaking down within a few hours of injection, and in 
larger quantities being directly poisonous to the organism into which 
they are injected. 

It is, therefore, only by transfusion of “ similar ” blood, #.¢., blood 
derived from an animal of the same species, that any results bearing 


on the question can be arrived at. That the corpuscles of such 
VOL. XIII. 3K 
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blood continue to live, for a certain time at least, in the body of 
their host, was to be assumed from some of the very earliest experi- 
ments on transfusion made by Dr Lower in 1666, in which dogs 
continued in good health, after all the blood in their bodies had 
been replaced by that obtained from other dogs. 

The first observer, however, to make direct observations on the 

actual duration of the life of such transplanted or transfused blood 
corpuscles was Panum in 1863. 
_ His method was crude and inaccurate. He judged of the number 
of corpuscles present in any quantity of blood by the difference in 
specific gravity between the blood serum, and the blood defibrinated. 
In this way, after withdrawing blood from a dog and replacing it 
with defibrinated blood, he was enabled to show that two days 
later the number of blood corpuscles remained almost unaltered, 
and that five days later the maj pained of them still remained within 
the circulation. 
It was naturally impossible by this vous method to determine | 
‘more closely the further fate of the transplanted corpuscles. This . 
could only be done by actual enumeration of the corpuscles before 
and after the injection, a method of investigation at that time un-_ 
known ; but even since its introduction, the results obtained have 
not been se definite as d priort might have been expected. They 
serve, however, to throw some light on the subject. | 

There are two ways in which, by means of transfusion, information 
as to the duration of the life of red blood corpuscles may be ocb- 
tained, viz., either by transfusion of blood into an animal without 
foregoing depletion, or by transfusion of blood after previous with- 
drawal of some of the animal’s own blood. 

In the latter case, the difficulty is to determine afterwards what 
proportion of the blood corpuscles found present belong to the 
animal, and what proportion is derived from the transfused blood ; 
since by the withdrawal of blood the standard of comparison,— 
the number of corpuscles originally present,—has been lost. The 
difficulty is one which from its very nature it is quite impossible 
for us to overcome. 

It might be thought that in the former method, viz., transfusion 
without any foregoing depletion, we have at hand a ready means 
of ascertaining the duration of life of the red blood corpuscles, since 
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the normal standard is in no way interfered with, and the dura- 
tion of the increase in the number of blood corpuscles after the 
transfusion will, therefore, represent the extent of their duration 
of life. | 

This is indeed the case, so far as the tranfused corpuscles are 
concerned ; but the question always arises, how far the duration of 


life of such transplanted blood corpuscles can be taken as a criterion a 


of that of normal red blood corpuscles. By transfusion of blood into 
the circulation of a healthy animal, an abnormal condition of the 
blood—a so-called plethora—is for the time being brought abou, 
which, so far as we know, may very materially influence the duration _ 
of life of the injected corpuscles. The excess of blood corpuscles thus 
introduced can only be got rid of by a process of increased blood ~ 
destruction on the part of the organism, and thus the transfused 
blood corpuscles are not placed under exactly the same conditions 
as those under which they normally run their life course. In spite, 
however, of these disadvantages, this method enables us to arrive at 
least at an approximate estimate. | 

Worm-Miiller found after such transfusions in dogs, that two or 
three days afterwards the number of blood corpuscles present in the 
blood closely corresponded with the number of the original plus the 
injected corpuscles, but that a few days later the blood corpuscles 
began to break down, and by the end of a few weeks at most the © 
whole of the injected corpuscles had been removed from the body. 
The greater the quantity of blood transfused, the longer did this — 
process of removal last ; for whilst after the transfusion of 20 to 30 
per cent. of blood the whole of the injected corpuscles were removed 
in the course of a few days, after injection of 60 to 80 per cent. 
their removal was not complete till about the end of the second or 
even the third week. | | 
- According to these results, therefore, the longest duration of life 
of transplanted corpuscles in dogs would be about 2 to 3 weeks. 

Quincke’s more recent observations, also made on dogs, would 
seem to agree with this estimate, the duration of life according to 
him being at least 2 or 3 weeks. His method of investigation, 
however, is open to the objection that the percentage amount of 
hemoglobin in the blood, which he always estimated, does not always 
necessarily correspond with the number of blood corpuscles pre- 


; 
; 
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sent. With this reservation, his statement may be accepted as at 
east corroborative of that of Worm-Miiller. : 

The result of my own experiments, made on rabbits, go in the 
main to confirm the accuracy of this estimate of Worm-Miiller and 

The method of transfusion adopted by myself differed somewhat 
from that of previous observers. Instead of being introduced 
directly into the circulation through a vein, the blood was injected 
into the peritoneal cavity, the absorption from which, as is well 
known, is so rapid and continuous, that peritoneal injection has. 
claims to be considered as a slow method of intravenous injection. 
In some respects, indeed, for experimental purposes it offers advan-— 
tages over the latter, since, apart from the greater simplicity with 
which the operation can be carried out, the absorption into the cir- 
culation (mainly through the lymphatics of the diaphragm and the 
thoracic duct) is so continuous and steady, prolonged as it is over 
a period of some 24 to 48 hours, that time is given during 
its progress for the removal of the fluid part of the blood, and hence 
little or no distension of the vascular system is likely to occur after 
the injection of even the largest quantities. 

The method is naturally open to the objection, that the fact of 

‘the blood corpuscles having been extravasated before reaching the 
circulation may possibly affect their vitality, and thus shorten the 
duration of their life. That a certain number of them, under such 
circumstances always suffer a local death, is certain; but this number 
is relatively small, and, as will be seen, the results show that the 
vitality of those absorbed is not in any way affected by their tem- 
porary sojourn in the peritoneal cavity. 

The increase in the number of corpuscles in the blood as ascer- 
tained by actual enumeration, after reaching a maximum on the 
second or third day, became gradually less and less, till at the end 
of a certain time, varying somewhat in the different experiments, 
the number of blood corpuscles had returned to their normal, this 
period of time representing, therefore, the duration of life of the 
injected corpuscles in that particular case. | 

The experiments were made both with defibrinated and with 
entire blood. The duration of the increase after the injection of 
entire blood was :—In two experiments 26 days, in one 21 days, 
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in one 19 days, and in one 14 days; average life duration being 
thus 21 days. With defibrinated blood the time varied from 14 to 
21 days, or an average of 174 days. 

The longest duration of life of transfused blood corpuscles in 
rabbits may, therefore, be taken as from 2 to 4 weeks. 

This applies naturally to only a few of the corpuscles inj Hicted, | 
doubtless the youngest and, therefore, the most resistant at the 
time of injection. The great majority become destroyed at a much © 
earlier period, oftentimes with great rapidity. 

The quantities of blood injected were very large, varying from 

about 40 to 90 per cent., but after the injection of smaller quan- 
tities the return to the normal was complete in a few days (5-7). 
It is thus probable that the above period does not represent the 
average life duration of transplanted corpuscles. On the contrary, 
all the observations go to show that it is more in virtue of the large — 
numbers injected than of any special vitality of the corpuscles, that 
some of them succeed in remaining so long in the circulation. 
_ Small quantities of blood are, therefore, probably removed from 
the body in a few days, judging at least from the rapidity with 
which large numbers of corpuscles, ¢.g., 40 per cent., are destroyed 
in from 14 to 21 days, 2e¢., a destruction of blood at a rate of 
some 2 to 3 per cent. daily, in addition to the normal amount of | 
blood destruction going on in the body, 

This consideration is of importance, in view of the value to 
be attached to the operation of transfusion in man, in whom the 
quantities of blood transfusible are relatively so very small. 

The question then arises, how far the results obtainable in rabbits 
‘are applicable to the case of other animals. Since the metabolism 
of the body probably varies somewhat in each different species, may 
it not be that the duration of life of the blood corpuscles likewise 
varies 

As has been seen, the results obtained. in dogs and rabbits 
agree in a somewhat striking manner, and certainly do not lend 
much support to the above view. They both alike point to a 
period of some two to four weeks as being the longest duration 
of life of transfused blood corpuscles. 

On the other hand, from two experiments which I made on dogs, 
it would almost appear as if in them the process of blood destruc- 


| 

i 
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- tion were in reality more rapid than in rabbits, in one case the 


normal being reached on the sixth, in the other on the eighth day. 
The quantities of blood injected were, however, relatively very small. 

The results of these experiments go to support the view previ- 
ously expressed, that the duration of life of transfused corpuscles 
is dependent more on the activity of the blood-destroying organs, 
than on the vitality of the blood corpuscles themselves. An excess 


of blood corpuscles is not tolerated by the organism for any length — 


of time. Hence it is more natural to assume that the period 
required for the destruction of the inj jected corpuscles is shorter 
than that of the normal duration of life of the red corpuscles, 


than to assume the reverse, viz., that transfused corpuscles are 


capable of living longer in the circulation than the animal’s own 
blood corpuscles. | | 

Such are the results obtainable by transfusion without foregoing | 
depletion. Although, as already indicated, they are more to be 


‘Yelied on than those obtained by transfusion af ter depletion, some 


very interesting results are still obtainable by the latter method. 
Attention has not before been drawn to these in this connection. 
Von Ott found in experiments on dogs, that after injection of an 
equal quantity of ? per cent. common salt solution in place of the 
blood previously withdrawn (} to 2 of its total quantity), the number 
of red corpuscles remaining in the blood reached their minimum, not 
on the day of injection, but two or three days later; and from this 
time onwards a steady and continuous rise took place, reaching the | 
normal from the 16th to the 24th day after the operation. _ 
If blood serum instead of salt solution were injected, the result 
was the same, viz., the normal was reached in from 17 to 24 days. 
In other words, the blood behaved as if no fluid at all had been 
injected ; for Hunerfauth had previously shown that under such 
circumstances, viz., after simple loss of blood, the return to the | 
normal was not complete till the 19th to the 23rd day, and Lyon 
had similarly found that the time required varied from 19 to 25 days. 
The time required, therefore, for the blood to return to the normal 
after bleeding, viz., 
16-24 days (Von Ott), 
19-23 days (Hunerfauth), 
19-25 days (Lyon),— 
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is almost exactly the same as that required for the removal of eacess 
of blood corpuscles, viz.,— 


14-21 days (Quincke), 
14-21 days (Worm-Miiller), 
14-26 days (myself). 


This similarity’ in the results is probably more than a mere coin- | 
-cidence, and can only be explained by assuming that after loss of 
blood the return to the normal is effected, partly by an increased 
formation, but mainly through a diminished destruction of blood 
corpuscles ; and the time taken for complete restoration probably 
thus represents approximately the average duration of life of the 
newly-formed red corpuscles. — 

But Von Ott further found, that if after withdrawing } to 2 
of the blood he replaced this quantity with an equal quantity of 
defibrinated or entire blood obtained from another dog, the result 
was not, as might have been expected, that the restoration in the 
number of the animal’s blood corpuscles was from that time com- 
plete ; on the contrary, from the day of injection a gradual fall in 
their number occurred till a minimum was reached on the nine- 
teenth to the twenty-second day, not on the second, as after trans- 
fusion of salt solution or serum, and from that time onward a 
gradual increase in their number took place, reaching the normal two | 
to three weeks later. 

If we assume, therefore, that this period of nineteen to twenty-two 
days represented the time taken for the destruction of the injected cor- 
puscles, and there is no reason to assume otherwise, since after the 
injection of simple saline solution the minimum was reached on the 
second or third day, then we must conclude that this period repre- 
sented the duration of life of the injected corpuscles under conditions, 
viz., anemia, the very reverse of that obtaining after the production 
of an artificial plethora. 

These results may be tabulated in the following order : — 


A. After. Transfusion. —Time ‘taken for destruction of blood 
corpuscles :— 
Worm-Miiller, 
Quincke, . 14-31... 
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B. After Loss of Blood.—Time taken for recovery :—. 
Hunerfauth, . . 19-23 days. 
After subsequent injection of | 


(a) Saline Solution :— | 
. 16-24 days. 
(b) Serum :— 
C. After Loss of Blood Subsequent Transfusion of Blood. 
Time taken for destruction of transfused corpuscles :— 
and for subsequent recovery—_ | 
Von Ott, 2-3 weeks, 
_ The evidence thus obtained in so many different ways all agrees 
in pointing to a period of some three or’ four weeks as being the 
longest duration of life of transfused blood corpuscles. | 
It has alreadybeen seen that the probabilities are all in favour 
of this life-duration being shorter, rather than longer, than that of 
the normal red blood corpuscles, so much so at least as to justify 
the assumption, that this period of time represents approximately 


the average duration of the life of red blood corpuscles in the 
rabbit, the dog, and presumably also in man. 


Monday, oth July 1886, 


“The Hon. LORD MACLAREN. ‘Vice-President, 
in the Chair. 


The following Communications were read :— 


1. The Electric Resistance of Nickel at High Temperatures. 
es | By Professor C. G. Knott. 


2. Effect of External Forces on a System of Colliding Spheres. 
By Professor Tait. 
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3. Notes on the Characters and Mode of Formation of the 


Coral Reefs of the Solomon Islands, being the Results 


of Observations made in 1882-84, by H. B. Guppy, - 


F.GS., the eves Cruise of H.M. 8. 
“Lark.” 


I will ea my paper with a brief description of the typical 
characters or a reef in this region, referring particularly to the 
distribution of the corals. There would appear to be a large 


number of new specific forms among the reef-corals of these islands, 
whether hydroid or actinoid. Out of nearly seventy species that I 
sent to the British Museum, almost a quarter are new or undescribed ;*_ - 


and there is every probability that similar success will fall to the 
lot of other collectors in these seas, There is yet much to be 
learned of the fauna of the deeper parts of the reef-coral zone ; and 


patient dredging will doubtless yield fruitful results, Here, not. 
improbably, will be found the corals of deep-sea genera and the 


Rhynconella that I discovered in an upraised barrier-reef in the 
Shortland Islands.} Having only a small canoe, I was not able to 
dredge in these depths; but I may remark, as a good omen for 
others, that, when sounding off a reef on one occasion, I brought 


up from a depth of 14 fathoms a new and very distinct species of | 
_Distichopora (D. ochracea), which is described and figured by Mr 


J. J. Quelch in the Annals and Magazine of Natural History for 
July 1885. 


In describing a typical reef, I will begin with the reef-flat. This 


portion of a reef is generally some 500 or 600 yards across. Its 
surface, which is for the most part strewn with sand, is covered at 


low tide by a depth of water of from a few inches to a foot, with 


here and there a projecting block of dead coral and an exposed 
bank of sand. Living coral is comparatively scarce on the reef- 


* Owing to ill-health, Mr Stuart Ridley has not hitherto been able to pro- 
ceed with the description of the new species. I am, however, greatly indebted 


to him for a preparatory list of the collection. A probably new genus is 


represented by one of the specimens. I sent to the Australian Museum at 
Sydney a collection of large specimens, which probably contains additional 
new species. 
+ Vide my paper on the Calcareous Formations of this Group, Trans. Edin. 
Roy. Soc., vol, xxxii. part 3. 
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| flat ; but every now and then occurs a bed of Madrepora having | 


the living tips of its branches bared by the retreating tide. Small 
nobs and bosses of Porites* (P. tenuis, V., and gaimardi, E. & H.) 

lie loose on the sand. Tufts of that fragile coral, Seriatopora 
pacifica (Br.), are to be occasionally seen. Numerous molluscs, 
annelids, and echinoids find a home in the blocks of partially dead 
massive corals. Holothurians, star-fishes, and sea-urchins lie in 


‘numbers on the sand; while those singular alge, Halimeda opuntia 


and Caulerpa sp., grow on different parts of the flat. 
I now come to the description of the weather margin of a reef in 
these islands. ‘Traversing a surface formed of loose fragments of 


dead corals, aptly compared with a bed of clinkers, one stands 
_ within the wash of the breakers, which even in the calmest weather 


hurl themselves with apparently irresistible fury against the reef. — 
A gradual slope of comparatively bare rock, furrowed by fissures or 


- channels and descending to a depth of 4 or 5 fathoms, receives the _ 


wash of the breakers.t With the exception of a tiny clump of a 
Pocillopora or a Stylophora, or a large dome-shaped mass of a 
Meandrina or a Celoria, that may be occasionally exposed during 
the recoil of the waves, this sloping surface is largely bare of living 
coral, It is only in the fissures which traverse the slope that the 
corals may be truly said to thrive. Here the Stylophora (sp. 
mordax, D.) and the Pocilloporat that were just mentioned, attain 


to some size. Here also flourish small masses of a Porites, and a 


Celoria, an encrusting Montipora, compressed tufts of Madrepora 
appressa (D., var.), and a bossy Madrepora hitherto undescribed. 


_ As I have already indicated, the large massive corals are only 


occasionally to be seen in the wash of the breakers. They prefer 


the less accessible part of the reef, beyond the first line of rollers. 


In truth, it may be generally stated that corals do not thrive in the 


_ break of the trade-swell in these regions. They are only to be 


found in luxuriance on the slopes of the declivity that is usually 
situated in depths between 5 and 15 fathoms, a declivity which 
may be truly termed the growing edge of the reef.§ Now and then, 


* One that I found had enclosed or grown around a piece of pumice. 


t+ Vide p. 883, where this gradual slope is described as a constant feature of 
the outer side of a reef in these seas, 


+ An undescribed species. 
§ Vide p. 883. 
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however, as at low-water springs, some large block is torn off by the 
rollers and cast upon the reef: it is at these unusually low con- 
ditions of the tide, especially when they follow upon a succession of 
gales, that the greatest destruction is effected on the weather slope. 
_ There is, for instance, a very stout species of Pocillopora that seems 
to flourish just beyond the ordinary position of the first line of 
breakers. When, however, at low-water springs the seas are 
unusually heavy, fragments of its large branches are broken off and 
thrown up on the flat. The two alge, Halimeda opuntia and a 
species of Caulerpa, are often attached to the rocks in the wash of 
the surf, and Nullipore partially encrust the surface; but the last 
mentioned are of no thickness, and never form those raised margins 
described by Mr Darwin in the case of Keeling Atoll and of other 
reefs, | | 
The foregoing remarks refer to such reefs as receive the 
brunt of the trade-swell. There are other reefs, however, such 
as the barrier-reef of Choiseul Bay, which are placed in more 
protected situations, where they are not exposed to such heavy 
rollers. Here the corals living in the wash of the breakers are 
more numerous and in greater variety. In addition to the corals 
above mentioned, there are to be found here a gamboge-coloured 
Porites (P. parvistella, Quelch), growing in flattened nobs, together 
with small masses of that singular-looking coral Hydnophora 
microcona (L.). Madrepore,such as usually prefer the quieter waters 
of the lagoon, here attempt to flourish; but they are to be frequently 
observed broken off at their base of attachment. There may be 
also noticed, growing in the wash of the rollers, the vertical plates 
of the hydrozoan corals, Heliopora cerulea* and Millepora platy- 
phylla, Ehr.)t 

On the lee sides of small coral islands, where they are protected 
to a great extent from the swell, the massive and branching corals 
coexist in great profusion. Here, on account of the absence of the 
heavy rollers, they do not form a continuous reef-flat, but are 


* Mr S. Ridley informs me that there are two apparently distinct species 
in my collection, one being probably new. 

+ The Stylasteride, which Professor Mosely has placed with the other 
hydrozoan corals in the sub-order Hydrocoralline, did not frequently come 
under my notice among the reefs of these islands, and then only as small 
specimens. 
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gathered together in irregular patches or masses, that sometimes rise 
with wall-like sides from depths of 12 or 15 feet of water. Such 
patches are covered with a luxuriant growth of coral, and there is 
little or nothing of those sandy flats which I have described in the — 
case of reefs that are exposed to the trade-swell. The following 
description of a particular locality may be taken as fairly typical. : 
In the shallow depths of a fathom and under at low tide, there 
flourished both massive and branching species of Porites (P. tenuis, 
V.,and P. levis, D.), three species of Millepora (M. intricata, E. & H., 
and gonagra, E. & H., together with an unnamed flat branching © 
species), the singular Rhodorrhwa* lagrencei (E. & H.), and Seriatopora 
pacifica (Br.) and hystrix (D.). Less frequent, though still abundant 
in this shallow water, were the massive corals, Celoria dedalea 
(E. & S.), and another unnamed species-of the same genus; Favia 
rotulosa (K. & S.), with another species also unidentified; Solenastraea 
sarcinula (EK. & H.); and undescribed species of Goniastrea and. 
Rhodorrhea. With these were associated Mussa multilobata (D.), 
and other species of the same genus, Stylophora palmata (Bl.), and 
different forms of Pocillopora and Madrepora. Rhodorrhea lagrenct 
occurred in level tufted beds of a dark-brown colour, which were 
traversed by single vertical plates of the undescribed species of 
-Miullepora, above referred to. I frequently observed the association 
of these two corals in this region. In depths of from 2 to 8 
fathoms, there existed thickets of the branching Porites (P. levis, 
_D.), which also lived, but in less profusion, in the shallower water, 
being associated in depths of from 2 to 3 fathoms, with extensive 
beds of Rhodorrhea lagrenevi. The stout columns of Isopora 
(Madrepora) labrosa (D.) were occasionally to be seen at different 
depths. Now and then a huge castellated pile of a massive Porites 
rose up from a depth of 12 or 15 feet to within half a fathom of 
the surface. Beds of Alcyonarians encrusting the dead corals were 
interspersed amongst the living corals. A species of Antheliat 
occurred most frequently, its stoloniferous base often investing the 
dead branches of Porites levis, A pretty Xenia was less common, 
being attached to the same species of Porites, and often to the 


* Sometimes written Rhodarea. 


+ From a depth of 134 fathoms I brought up a living fragment of this | 
Anthelia. 
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extremity of a branch. In addition there were mat-like growths 
of other Alcyonarians, resembling, but on a much more extensive 
scale, our common British Alcyonium. 

It will have been observed in the foregoing description that 

thickets of Porites levis principally usurped the depths between 

2 and 8 fathoms. Such, however, was not my usual experience in 
these localities, these depths on the lee sides of islands being 
generally occupied by arborescent and other branching Madrepore. 
In Selwyn Bay, on the lee side of Ugi Islands, these Madrepore 
throve in the shallower portion of the reef-coral zone in depths less 
than 10 fathoms; whilst Seriatopore * seemed to prefer the deeper 
parts of the zone in depths of 20 fathoms. This accords with Mr 
Darwin’s experience on the leeward side of Mauritius.¢ It is 
manifest, however, that we have little or no acquaintance with the 
causes that favour or prevent the growth of particular species of 
corals in any one locality ; and thus we often meet with unexpected 
facts. For instance, the stout coral, Isopora labrosa (D.) is able to 
adapt itself to any situation, whether on the weather slopes of reefs 
in depths beyond 5 fathoms, or on the dark muddy bottom of man- © 
grove-skirted channels, or in the clearer water of lagoons. I might 
mention several other examples of the same kind amongst certain 
species of Porites and Millepora. A species of Madrepora,{ that 
commonly came up in my soundings from depths of 8 to 12 
fathoms on the weather slopes of reefs, appeared in one locality to 
flourish at similar depths on the lee or protected side of an island.¢ 

I come now to refer to the corals that grow in the interior of 
lagoons and lagoon-channels, A large extent is occupied by sand 
and chalky mud; but in the shallower portions, and especially in 
those situations which are near the breaks in the reef, corals thrive 
in great profusion. These quiet waters are more particularly the 
home of the foliaceous and branching corals. Amongst the former — 
may be observed Turbinaria frondens (D.), Merulina ampliata (E. 
& §.), Oxypora conturta (Quelch), and species of Pachyseris, 

* Probably a new species, as Mr Ridley informs me. 

+ Coral Reefs, 1842, p. 81. | , 

+ This coral, according to Mr Quelch, closely resembles M. cerealis of the 
West Indies. Its range of depth appears to be 2 to 13 fathoms. 


§ For some further particulars of my coral-soundings, vide a short paper in 
the Annals and Magazine of Natural History, June 1884. 
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Montipora, and Echinopora. Amongst the latter occur numerous 
Madrepore, such as M. hyacinthus (D.), M. effusa (D.), M. appressa 
(D.), and several other species. Pocillopore, such as P. pulchella 
(Br. ) and P. acuta (L.), here thrive ; also Seriatopore (hystrix, D., 
and pacifica, Br.); Millepore (intricata, KE. & H., and gonagra, K. & 
H.), and Stylophora palmata (Bl.). The Fungide are well repre- 
sented by several species of Fungia and Ctenactis, togeth er with 
Halomitra tiara (V.), and a species of Podabacia not yet deter- 
mined. The massive corals here found are species of Porites 
usually possessing flat dead summits, and often 8 to 10 feet across ; 
species of Symphyllia, Coeloria, and Rhodorrhea; and Favia 
rotulosa (KE. & S.). Amongst other of the common corals found in 
lagoons and lagoon-channels occur Heliopora cerulea,* and Isopora 
labrosa (D.). The Heliopora prefers situations in the vicinity of © 
openings in the reef, and all places where it can be exposed to a 
plentiful supply of sea-water. This hydroid coral, together with a 
massive species of Rhodorrhea, with which it is associated, covers 
a considerable portion of the bottom of a small boat-harbour in 
Oima Atoll. Jsopora labrosa often attaches itself to and partly 
invests Millepora gonagra (E. & H.). Alcyonarians also flourish 
in the quiet waters of the lagoon; amongst them are species of 
Alcyonium, Xenia, and Anthelia. The Xenia may occur in 
extensive beds encrusting and concealing the unsightly patches of 
the dead branching corals. A huge empty Tridacna shell, which © 
was covered on the outer surfaces of its valves with this pretty 

Alcyonarian, formed quite a picture in Oima Atoll. Occasional 
masses of the Alcyonarian coral, 7'ubipora sp., are also to be observed. 
Amongst the alge that thrive in lagoons, is an edible species of — 
Caulerpa, which is distinct from the non-edible species that grows 
on the reef-flat and in the wash of the surf (vide p. 859). 

The observing naturalist will find abundant material for the 
study of the complex relations that exist between the multitudes of 
creatures that frequent coral reefs. The protective colouring of the 
small crabs that live among the branching corals often attracted my 
attention. I recall in particular the instance of a small crab that 
finds its home amongst the branches of a Pocillopora. The light 
purple colour of its carapace corresponds with the hue of the 

| * Vide footnote on p. 859. 
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coral at the base of the branches, where it lives; whilst the light- 
red colour of the big claws, as they are held up in their usual 
attitude, similarly imitates the colour of the branches themselves. 
To make the guise more complete, both carapace and claws possess 
rude hexagonal markings which correspond exactly both in size 
and appearance with the polyp-cells of the coral. — Another species 
of crab, that climbs about. the blue-tipped branches of a Madrepora, 
has the points of its pincer-claws similarly coloured, It is interest- 

ing to note that these two crabs are adapted to live each on its own - 
species of coral. Had I caused them to exchange their homes, 
their borrowed hues and markings would have at once made them 
conspicuous objects for their enemies, — 

The Inter-Tidal Exposure of Living Corals.—A short exposure to 
- the air is generally stated to be fatal to living corals. The ‘state- 
ment of Mr Beete Jukes that an exposure of two or three hours to _ 
the air, sun, (and rain), will not kill many of the coral polyps as long 
as they are left in their position. of growth and thus retain their - 
moisture, has not often been quoted, but it nevertheless accords 
with my experience.* 

Different kinds of reef-corals, however, bear different degrees of 
-inter-tidal exposure. The minimum amount is to be seen in the 
case of many of the massive and branching species, which at low 
tide, and especially at ‘‘low water springs,” are bared for a few 
seconds twice or three times in the minute, as the larger waves roll 
past them. To this group belong species of Porites, Meandrina, 
Seriatopora (hystrix, D., and pacifica Br.), and Aillepora, &c. 
Then, there are corals which can sustain exposure to the extent of 
from 5 to 10 inches for an hour with impunity, as long as they are 
washed over by a wave every three or four minutes. Such corals are 
Heliopora cerulea, Millepora platyphylla (Ehr.), and intricata (E. & 
H.), Stylophora mordax (D.), Pocillopora sp., and several species 
of Madrepora. Lastly, we come to the corals that can withstand 
continuous exposure for from one to two hours without injury. I 
have seen the nobs of Porites tenuis (V.), which are so common on 
the reef-flats, uncovered for nearly three-quarters of an hour. The — 
living margin of a boss of a Symphyillia I have seen exposed to the 
extent of 6 inches for about an hour. Some of the Madrepore are 


* Voyage of H. M.S. Fly, 1847, vol. i. p. 119 
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particularly hardy in this respect.. At “low water springs” the 
extensive beds of a species of Madrepora, that thrives on reef-flats, are 
uncovered to the extent of 5 or 6 inches for an hour and a half; and 
other species, such as M. hyacinthus (D.), will bear exposure equally 
well, Of all the corals in these islands, however, those belonging © 
to the genus Celoria appear to be best able to withstand prolonged 
exposure. I have seen living blocks of these massive corals bare to 
the extent of from 12 to 18 inches at the lowest tides. A lump of 
Celoria dedalea (E. & S.), that I observed on one reef, had its 
upper surface exposed for almost two hours; and I have frequently 
noticed the living margin of another ‘species of the same genus to 
be uncovered to the extent of several inches for about an hour. 
On one occasion, five hours after I had taken two lumps of this 
last species out of the water, I placed them with some other corals in 
a closed perforated tin that was kept in the sea, a foot or two below 
the surface, for a couple of days. On opening the tin, I found all 
the specimens of coral decomposed, with the exception of one of 
the lumps of Ccloria, which was quite fresh and apparently still 
alive. 

- The soft beds of Alcyonarians are sometimes completely exposed 
for 5 or 6 inches at the lowest tides. The Xenia, however, I rarely, 
if ever, saw bared. Many other organisms living on the reefs are 
able to withstand inter-tidal exposure. Thus, in Oima Atoll I saw 
tufts of Sertularians and the common blue star-fish (Ophidiaster ? ) 
-uncovered at “low water springs.” At the same time two of the 

large Tridacne (T. gigas), that lay on their hinge-borders upon the - 

- gand, were partially exposed. One of them was half out of the © 
water, and must have been uncovered for at least an hour. 

Coral Reefs and Shoals.—The earliest condition of the coral reefs 
in this group is to be found in that of the numerous detached sub- 
merged reefs or shoals lying below the limit of the constructive 
power* of the breakers, which in the sheltered waters between the 
larger islands rise up to within 4 or 5 fathoms from the surface, and 
in the more open waters, where they are exposed to the trade-swell, 
- are covered by a depth of from 7 to 10 fathoms. | 


* By this expression I mean that the reefs had not reached that level at 
which the breakers would be able to tear off and heap up fragments of the 
corals, 


of Edinburgh, Session 1885-86. 865. 


Lark Shoal, a submerged reef which rises between the islands of 
Ulaua and the Three Sisters from a depth of 200 fathoms, is 
covered by a minimum depth of 7 fathoms. It is exposed to the 
full force of the trade-swell, and its position is often marked by a 
dangerous tide-rip. As limited by the 20 fathom line, this shoal 
measures 1 by 1$ miles. The numerous soundings obtained by 
~ Lieut. Oldham and the officers of the “ Lark” gave no indication of | 
a central hollow on its surface. On the contrary, they showed that 
the shoal possesses a comparatively level summit covered by from 7 
to 10 fathoms of water. From the ship’s side the dome-shaped | 
massive corals could be discerned ;.and the paucity of branching 
corals was evidenced by the absence of fragments in the armings of 
the lead. In most of the soundings the armings were clean; but 
occasionally portions of the joints of the calcareous alga, Halimeda 
opuntia, together with coral sand and gravel, were brought up. Out 
of twenty casts taken by myself on both sides of the ship ina depth 
of 9 fathoms, all but three showed clean impressions, and in five of 
them the nature of the coral could be recognised. Two similar shoals, 
lying to the south of Eddystone Island, are described on page 876. 
Other detached coral patches, covered by from 5 to 10 fathoms of 
water, lie close off the south coast of St Christoval (vide page 870). 

The numerous submerged reefs of Bougainville Strait occur just 
within the edge of the submarine platform, or submerged extension 
of Bougainville Island, which is delineated by the 100 fathom line 
in the recent Admiralty chart. They are generally covered by from 
4 to 8 fathoms of water, and have very level surfaces, over one of 
- which the ship dragged her anchor without a check for about half 
a mile. On one of them I brought up with a grapnel from a depth 
‘of 8 fathoms a portion of a Pocillopora with stout expanded 
branches, which appeared to be the prevailing coral. On another I 
found Psammocora planiporu (E. & H.)in considerable quantity in 6 
fathoms, this being the only occasion on which I found this coral. 
From the same depth of 6 fathoms on this shoal, I brought up two 
masses of coral rock, of which the largest, a little more than a cubic 
foot in size, was a fragment of Porites tenuis (V.), for the most part 
dead, and covered by Nwllipore, and extensively bored by molluscs 
and annelids. Small specimens of other living corals were attached 
to it, such as Pocillopora pulchella (Br.), an encrusting Montipora, 
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and Orbicella Laperouseana (var).* The smaller piece of rock 


showed no coral structure to the eye, and was much honeycombed : 


it was incrusted with Nulliporc and Polyzoa. Another of the sub- 


_ merged reefs, covered by from 6 to 7 fathoms of water, was marked 


by streaks and patches of calcareous sand, and possessed apparently 
but little living coral. I obtained here branches of a Madrepora, 
which commonly occurred on the weather slopes of reefs in depths 
of from 8 to 12 fathoms (vide p. 861). 

With reference to the character of the bottom in the deeper parts 
of Bougainville Strait, I should remark that in depths of from 20 
to 40 fathoms calcareous sand and gravel usually occur. These 
materials are largely composed of the tests of Orbitolites, and the 


joints of the calcareous alga Halimeda opuntia.t Small unattached 


corals of the genus Heteropsammia here flourish.{ Fragments of 


Nullipore were frequently brought up from all depths down to 86_ 


fathoms, where Lieut. Leeper obtained a small nob apparently 
alive. The foraminifer, Polytrema rubra, was occasionally found 
attached to these fragments. 

In the sheltered waters of this strait there is no intermediate 
condition between the submerged reefs covered by 4 to 8 fathoms 
of water and those which are marked on the surface by a reef-flat 
with its accompanying islet, or by a sand-key. From the manner in 
which the channel was studded with submerged or sunken reefs, 
it was at first thought that the survey would be attended with some 
risk to the ship; but Lieut. Oldham subsequently found that, on 
account of her small draught, H.M.S. “ Lark” could sail with safety 
over any of the reefs that were not marked at the surface by reef- 
flats or sand-keys. When I had examined these submerged reefs, I 


~ was led by their characters to conclude that they had reached the 


limit of their upward growth, and that they have since been extend- 
ing laterally, so as to form long and narrow platforms, some of which 
are more than 10 miles in length, and are in fact submerged barrier- 


* This was the only occasion on which I obtained this Orbicella. Numerous 
other organisms were found in or upon this mass of rock, such as Ophiuroids, 
a Comatula, Olive, Arce, a small eel-like fish, &c. 

+ This alga grows on reef-flats and in the wash of the surf. 

+ More than one species of Heteropsammia live in these depths of from 20 to - 
40 fathoms, H. multilobata being common. The majority, if not all, were 
characterised by the presence of the Sipunculus (Aspidosiphon). 
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reefs (vide p. 877. That they have remained at nch the same 


- depth from the surface for a considerable number of years, is shown 


by the circumstance that in 1768 a shoal covered by 5 fathoms was 
found near the middle of the strait by the “ Etoile,” one of Bougain- 


ville’s vessels,* During the 116 years that have elapsed between 


the visit of the French navigator and the recent survey of this strait 
by Lieut. Oldham, neither the upward growth of the coral nor any 
movement of elevation have been sufficient to raise the surface of 
this shoal within the limit of constructive breaker-action ; and i in 
consequence it is still submerged. 

It is certainly a remarkable circumstance that in this group we 
found no detached sunken reefs which would render the navigation © 


of these seas dangerous fora vessel of light draught (9 or 10 feet). 


All detached reefs that had not reached the surface were below the 
limit of constructive breaker-action, their depth varying between 4 
and 10 fathoms, according to the sheltered or exposed character of 
their situation. It therefore appeared to me that a movement of 
elevation was first necessary to bring these submerged reefs within 
the power of the breakers, since the upward growth of the corals 
was arrested a little below their limit of constructive action. 

We may thus find a partial explanation of the submerged condi- 
tion of the leeward sides of many atolls, and of the total submergence 
of a few other reefs belonging to the same class, in the inability of — 
detached submerged reefs to raise themselves within the constructive — 
power of the breakers without the assistance of a movement of 
elevation. It may appear somewhat bold to suggest that atolls owe 
their appearance at the surface to such a movement; but it is a 
singular circumstance that I found this to be the case with Oima 
Atoll (vide p. 879) ; and thisis the very movement which Professor 
Dana and Mr Couthouy have shown to be in operation amongst the 
numerous atolls of the Low Archipelago, many of which have — 
experienced elevations varying between 2 or 3 and 250 feet.t In 
the Fiji and Pelew Groups, upraised reefs having the characters of 
atolls coexist with reefs of the same class that have been formed 
at the present sea-level. However this suggestion may apply to 


* Voyage autour du Monde, 2nd edit., Paris, 1772, tome ii. p. 183. 


+ Dana’s Corals and Coral Islands, and Couthouy’s Remarks on Coral 
Formation, &c. 


| 
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atolls, it readily accounts for the existence of the numerous sub-. 
merged reefs in the Solomon Group, which lie ata constant distance © 


below the surface. Another circumstance favouring the view that 
detached sunken reefs cannot raise themselves to within the construc- 
tive power of the breakers is to be found in the fact that on the 


weather sides of reefs in this group corals do not thrive in the wash _ 


of the breakers ; there is here a gradual slope descending to a depth 
of 4 or 5 fathoms, which is largely bare of living coral (wide p. 858). 

The formation of the reef-flat is worthy of a passing remark. I have 
often observed that on the lee sides of islands, especially of those of 
small size, the corals grew in irregular patches at the sea-border, and 


did not form a reef-flat such as existed on the weather side which | 


was exposed to the trade-swell. Professor Semper would apparently 


attribute the absence of the reef-flat on the lee side of an island to 


_ the circumstance of the corals not being exposed to strong impinging 
currents ; but in these islands, however, it is evidently due to the 
corals not being subjected to the action of the breakers. 

I have now come to the description of the reefs which have 


reached the surface. The three principal classes are to be found in 


this region, but of these the fringing and barrier-reefs are more 
commonly distributed, whilst the atolls are comparatively few in 
‘number and of small size. A line of barrier-reef, probably not 
much under 60 miles in length, and bearing innumerable islets on 
its surface, fronts the east coasts of the islands of New Georgia at a 
distance of from 1 to 3 miles from the shore. Extensive reefs of 


the same class, having a broad deep-water channel inside them, lie — 
off the north side of the large island of Isabel, and off the south — 


coast of Choiseul. Similar reefs of smaller extent skirt the west 
end of Guadalcanar; and existing and elevated barrier-reefs occur 
in Bougainville Strait. Of this class of reef I was only able to 
examine those of the last locality : they will be subsequently referred 
to in my general description of the reefs of this strait. 
I will now proceed with the description of the reefs of the 
islands we visited.* | 
St Christoval.—My observations were for the most part restricted 
to the north side of this large and mountainous island. The reefs 


* For the description of the elevated reefs and their foundations, I must 
refer the reader to my paper in the Trans. Edin. Roy. Soc., vol. xxxii. part 3. 
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that skirt at intervals this coast belong to the fringing class, They 
are marked here and there by wooded islets, and in some parts 
they have experienced an upheaval of a few feet. They attain 
their greatest breadth of nearly a mile in the vicinity of Cape 
Surville and Star Harbour, but usually their breadth does not exceed — 
a quarter of a mile. The 100 fathom line lies generally about 1200 
yards from the edge of the reef-flat, and from this fact the angle of — 
the submarine slope may be computed to be about 10 degrees, 
Where the land rises precipitously from the sea, as on the east side 
of Cape Keibeck, there are scarcely any reefs. They are absent 
usually from the shores of the wide bays which receive the waters : 
of the large streams: here the beaches are of dark sand, which is 
composed partly of volcanic and partly of calcareous materials. 
The north coast of the peninsula included between Star Harbour 
and Cape Surville is low, and fringed with mangroves ; and it is 
often a difficult matter to distinguish where the reef ends and the 
_Jand-surface begins, since the mangroves push forward their lines 
on the flat whilst it is yet covered by the sea at high water. By 
the agency of these trees, unassisted by any elevation, much land is 
reclaimed from the waves. One may walk for a distance of 100 
yards from the margin of the vegetation on a recently formed 
wooded tract raised but a couple feet and less above the sea-level, 
which is composed almost entirely of coarse calcareous sand mixed 
with fragments of corals and shells belonging to familiar reef species 
of the genera Cyprewa, Strombus, Turbo, Trochus, Tellina, Tapes, 
Hemicardium, Cytherea, &c. These shells have lost most of their 
colour and have an ancient appearance. A species of the 
Auriculide, Pythia scarabeus (Lin.), lives commonly on these 
recently formed tracts throughout these islands, and its empty shells 
occur mingled with those of the marine genera just mentioned, 
Pumice pebbles may usually be traced amongst the trees for some _ 
15 or 20 paces, and in some places they are very numerous. 
- The north coast of St Christoval, to the west of Cape Keibeck, 
is often bordered by a recently elevated flat of coral rock, which, at 
_ the sea margin where it has been worn back by the waves into low 
- eliffs, is raised from 4 to 6 feet above the high water level. These 
flats rise gradually, as one pioceeds inland among the trees, to a 
height of from 12 to 15 feet. They are frequently traversed by 
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deep fissures and narrow gulleys, running at right angles to the 
coast, which are being constantly widened by the action of the sea, 


and are often of considerable length. Frequently, when following 


a coast path, I have come unexpectedly, within the margin of the 
trees, upon the termination of one of these narrow gulleys, at the | 
bottom of which, 10 or 12 feet below me, the water was rushing to 
and fro with each advancing and receding wave. The coral rock of 


these flats is much honeycombed on the surface, and its sharp 


cutting edges svon destroy a stout pair of boots. It is extensively 
undermined by the sea, and, as might be expected, blow-holes are of 
common occurrence. They vary in size from the mere bubbling of 


air and water through a small hole in the rock to the grand spout 


which sends its foam 20 feet into the air. On this coast of St. 
Christoval I have had my helmet blown off my head, while stand- 
ing without knowing it over one of these holes. They are of 
frequent occurrence on the coral limestone coasts of these islands. 
Besides the solvent action of rain on the elevated coral flats of. 


_ the coast, numerous other agencies assist in the removal of the rock. 


On the raised coral flats of the north coasts of St Christoval, 
Nerita marmorata (Homb. & Jacq.) thrives in numbers just above 
the high water level. The calcareous excretions of these molluscs 
were to be observed in nearly every hole and crevice of the rock in 
this situation ; and it was evident to me that in this manner they | 


increased in size the cavities into which they crept. — 


On the south side of St Christoval I only became acquainted 
with the coast to the westward of the entrance of Makira Harbour. 
Here the sea border is of a different character. Lofty hills rise — 
direct from the sea to a height of from 1000 to 1500 feet, and tall 
cliffs of ancient volcanic rocks start up perpendicularly from the 
deep water at their base. Lines of shore-reefs and elevated reef- 
flats, such as are found on the north side of the island, are not to 
be found here. In their place there are off-lying isolated coral 


_ patches lying from 5 to 10 fathoms below the surface, and rising 


with wall-like sides from deep water. On p. 867 I have given an 


_ explanation of the submerged condition of these and other similar 


sunken reefs. 


The Three Sisters.—Off the north coast of St Christoval lie the 
three small islands thus named. They may be briefly described as 


- 
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coral islands which commenced their growth as submerged flat-topped 


reefs resembling in their character the present condition of the | 


neighbouring Lark Shoal. These reefs were subsequently elevated 


about 70 feet above the sea, and the islands have since assumed an | 


atoll structure. From their arrangement and from the depth of 
water separating them from the adjacent islands,* it may be inferred 
_ that these coral islands are based on three submerged peaks which 
lie at some unknown distance below thesurface. They are included 


within the same 100 fathom line. On the weather or eastern sides 


the submarine slope is gradual for the first few fathoms; it then 


descends to the depth of 100 fathoms at an angle rather in excess of 


20°. On the lee sides the submarine slope descends usually at a 
smaller angle. 

Malaupaina, the southernmost of these islands, is about 3} miles 
in length and rather over half a mile in breadth, Its lee or western 
half, which is mostly occupied by mangrove swamps that are over- 
flown by the sea at high water, contains two lagoons opening by 


narrow entrances on the west coast. A low bank, raised 2 to 3 feet - 


above the high tide level and from 20 to 100 paces in width, 
intervenes between the sea and the mangrove swamps within, and 
forms the western margin of the island: it is composed, sometimes 

of sand, at other times of shells and loose coral fragments, and 
~ occasionally of coral rock ; whilst its surface supports such trees 


as the casuarine, pandanus, and cocoa-nut palm. The weather or | 


- eastern portion of the island may be described as a broad wooded 
tract elevated between 10 and 15 feet above the sea. Between the 


tide marks on this coast, there is an extensive flat of coral rock 


traversed by deep fissures and narrow gulleys, running at right 
angles to the trend of the coast, in which rushes to and fro the wash 
of each roller that breaks on the edge of the reef. Situated towards 
the interior of the island, and separated by the northern lagoon, are 
two low hills of coral limestone,+ the level summits of which are 
elevated from 50 to 70 feet above the sea. Of the two lagoons, the 
southern is the deepest: it has a depth of 9 fathoms, and is shut in 


* A cast of 400 fathoms to the west and another of 260 to the north-east 
- failed to reach the bottom. 

+ Hand specimens from one of these hills were in part chalky. Vide my 
paper on the ‘‘Calcareous Formations,” Trans. Edin. Roy. Soc., vol. xxxii. 
part 3, pp. 563, 575. 
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by a bar over which at low water neaps there is less than a fathom 
of water; in the northern lagoon there is only a depth of 3 or 4 
feet at low tide. Outside the entrance of each lagoon, there is a 


second lagoon-like basin of more recent origin: the southern of 


these basins has a depth of from 20 to 26 fathoms, and affords a very 
sheltered anchorage ; while the northern is shallower, and more 
obstructed. Both the inner lagoons are lined by mangroves, and 
they communicate with the extensive mangrove swamps in their 
vicinity. Some of these swamps, when exposed at low water, 
present extensive tracts of a white chalk-like mud dotted here and 
there with clumps of mangroves. On the surface lie shells and 
coral fragments, and large masses of Meandrina and Celoria occur. 
as they grew, their summits being at present raised 1 to 2 feet 
above high water. 

In remarking on the history of the formation of this island, I 
will first refer to its condition at high tide. If a bird’s-eye view 
could then be obtained, the larger portion of its surface would 
present the appearance of an expanse of water in which, were it not 
for the mangroves, the eye would be unable to distinguish between 
the swamps temporarily overflown by the sea and the permanent 
inner lagoons. The two low hills would stand out from the water 
nearly surrounding them as imperfect islands; and such a panoramic 
view would carry us back to the time when they existed as two 
submerged reefs lying, like Lark Shoal, a few fathoms beneath the 
surface. Then ensued a period of upheaval, during the latter part 
of which the permanent land surface was formed on the eastern or — 
weather side, and the island assumed the character of a double 
atoll. After a pause in this movement, there was a more modern 
elevation of a few feet, since which the outer lagoons have been 
formed, and the inner lagoons have been gradually filling up. The 


interesting point in connection with the formation of this island is 


one which is of importance in connection with the early history of 
small atolls;* for it is evident that it commenced as two flat-topped 
submerged reefs, and that the atoll form has been assumed since 
these reefs have been upheaved. In the neighbouring Lark 
Shoal we have the first stage in the production of an atoll; but the 
characteristic form, as I hold, will not be assumed until it has 


* Atolls only a mile or less in width. 


% 
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reached the surface. Further on in this paper I shall show that 
large atolls probably assume their characteristic form below the - 
surface, as pointed out by Mr Murray. | 

I was not able to visit the other two islands. They have, how- 
ever, the same general appearance and about the same elevation. 


_ Lieut. Malan, who coasted round both of them and landed on. 


Malaulalla, tells me that they are counterparts of Malaupaina, the — 
- southern island which I have above described at length. In Malau- 
lalla he found a lagoon shut off apparently from the sea, but he 
did not notice one in the northern island of Alita. On the north- 
east coast of the island last mentioned, he observed a line of cliff 
of coral limestone 30 to 40 feet in height. 

_ Santa Anna.—The shore-reefs, which skirt the coast of the upraised | 
atoll of Santa Anna, vary in width from 150 to 600 yards, according 
to the steepness of the land; and the average submarine slope to the 
100 fathom line ranges from 6 degrees to rather over 20 degrees. 
The reef-flats between the tidal levels are traversed by fissures 
2 to 5 feet broad, which extend far beyond the breakers, and may — 
usually be traced from the surface by the white sand that has 
collected in them. On the west coast the shore-reefs enclose a 
remarkable circular lagoon, 700 to 800 yards in width, which has a 
depth of 16 to 17 fathoms, and affords a snug anchorage for ships, 
It is known as Port Mary. 

On the south shore of this lagoon, a dark me compact rock has 
been exposed at the bottom of some holes, a foot in depth, which — 
have been excavated for water by the natives in the rock of the 
reef-flat. The same rock occurs as embedded masses in the surface 
of the reef-flat on the east coast, where it contains enclosures of 
- coral rock and other debris. I also found it lining the sides of a 
vertical fissure in a coral limestone cliff, where it was from 1 to 2 
inches thick. This rock effervesces with an acid; but, as I learn 
from Mr Murray, it is mainly composed of a red ochreous material, 
probably deposited from water that has found its way through 
fissures and cavities in the coral limestone. Its exposure on the 
surface of the reef-flat (near its inner edge) may probably be due to 
the solvent action of the sea water which overflows the flat towards 
high tide. The circumstance of its lining the sides of a fissure in 
a coral limestone cliff is very suggestive of its origin. Professor 
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Liversidge* has described a similar rock brought by Commodore 
Goodenough from the New Hebrides. It contained small fragments 
of coral and shell, which gave it the appearance of a bone breccia 
from a cave deposit; but the mode of its occurrence is not stated. | 
I should add that: in one locality small patches of a fibrous calcite , 
about an inch in thickness encrusted the surface of the reef-flat 
near the base of the cliff. 

Ugi Island.—This island is fringed by shore-reefs of varying 
width, which are most extensive on the north-west coast, and are 
absent or broken up in Selwyn Bay. Broad belts of recently 
formed land, strewn with coral and shells, edge the reef-flats. On 
the east coast, the shore-reef encloses a long narrow lagoon, a mile 
in length, and possessing a depth of 10 fathoms and under. In the 
shore-reef on the south coast there is a small circular basin or | 
lagoon, about 100 yards across and 6 fathoms in depth, which is 
approached by a narrow entrance, and would make a good boat- 
-harbour.t It is worthy of remark that this island has a rude 
— erescentic shape, which it has only assumed during the last hundred | 
feet or so of elevation. The small coral island of Biu, which lies 
about 2 miles to the northward, and is included within the same 
100 fathom line, is fringed by shore-reefs. It is about 14 miles in 
length, and may be briefly described as a patch of coral reef which 
has been upheaved about 100 feet above the sea, and is still girt by 
living reefs. In ‘its central elevated portion I found a chalky 
coral limestone. | | 

Rua Sura Atoll.—This small atoll, which lies 24 miles off the 
north coast of Guadalcanar, has an elongated shape, and is about 
3 miles in length. Three wooded islets have been formed on its 
south side; but the remainder of the circumference of this atoll is 
either just awash at low tide, or is covered by less than a fathom of 
water. The actual depth of the lagoon was not ascertained; its 
depth, however, must be considerable, since casts of as much as 
37 fathoms failed to reach the bottom, The soundings taken out- 


* Vide a paper on the Composition of some Coral Limestones, &c., from the 
South Sea Islands, read before the Royal Society of N.S. W., October 6, 1880. 

+ These “holes” in the shore-reefs are not miele vee found in other 
islands of this group. They are often termed ‘‘ boat-harbours,” when access- 


ible; and are usually 100 to 150 yards across, with depths of 20 fathoms and 
under. | 


of Edinburgh, Session 1885-86. 875 


side this atoll were not sufficiently numerous to enable me to 
estimate the angle of the submarine slope. 

The largest of the three islets that have been formed on the reef 
is half a mile across, and rather more than a mile in length. In its 
interior, which is thickly wooded, the soil is made up in varying 
proportion of humus and calcareous sand. Numerous shells, 
belonging to familiar reef species, and large massive corals occur on 
the surface in the centre of the island and all over its area. Pumice — 
pebbles are commonly found on the surface near the coast; and 
they may be often seen to largely compose the miniature cliffs of 
sand which have been worn back into the beach by unusually 
high tides. This islet is elevated in its interior some 15 or 20 feet 
above the sea. On its south coast occur low cliffs of coral rock, 
4 to 5 feet in height, which betoken a recent elevation of a small 
amount. The other two islets are evidently of similar character, 
though of more modern formation. On the south coast of the 
larger islet occur a number of rounded blocks of volcanic rocks,* 
pebbles of which are to be found embedded in the rock of the reef- 
flat. The largest of these blocks must have weighed, according to 
its measurement, about 2 cwt.; but the majority of them were con- 
siderably less than 30 lbs. in weight. Some of them, which were 
raised 2 to 3 feet above high water mark, had apparently reached 
their present position before the last upheaval. All of them had 
evidently been transported by floating trees, which are very com- 
monly met with among these islands: they were probably originally 
derived from the adjacent portion of Guadalcanar. I have frequently 
found blocks and pebbles of volcanic rocks in the roots of trees 
which have been thrown up on the reefs of this group. In some 
cases they were so firmly embedded that they could only have been 
set free by the final decay of the tree. 

Florida Islands.—Fringing reefs, varying in width from 150 to 
600 yards, skirt the coasts with which I am acquainted on the east 
and south sides of this sub-group. They present nothing of special 
interest. | 

Eddystone or Simbo Island.—This volcanic island originally 
existed as two distinct islands, which have become united by the 


* Dolerites and other dense basic rocks, all much altered and sometimes 
schistose. 
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elevation of an intervening coral reef. The northern part, in which 
no traces of volcanic activity came under my observation, is entirely 
surrounded by fringing-reefs, with the exception of the north point, 
where the land terminates in a bold precipice. Off the east coast 


there is a very steep submarine slope to the 100 fathom line of © 


from 30 to 35 degrees. In the midst of the reef on the west side 
there is a large hole, 18 fathoms in depth and about 150 yards 
across, which may mark an old crater cavity. In the southern half 
of the island, where the subterranean fires are not yet extinct and 


where many fumaroles exist, no reefs occur on the west and south - 


coasts. On the east side, however, there is an elevated barrier-reef, 
which attains a height of rather under 200 feet, and is known as 
Simbo Islet. Off the west side of the low connecting neck, which 
_ is formed by an elevated coral reef, there is a short barrier-reef that 
by its protection forms the harbour. Just within its inner margin, 
this reef encloses a remarkable hole, 14 fathoms deep, which 
resembles the one on the north-west coast of the island. 


Two shoals or submerged coral patches lie 1 and 2 miles to the 
southward of the island, rising on all sides from deep water where | 


casts of 100 fathoms did not reach the bottom. They have level 


summits covered by from 5 to 10 fathoms of water; and as 


delineated by the 10 fathom line, they measure, each of them, about 
half a mile in length. In their characters they are counterparts of 


Lark Shoal, which is described on p. 865, and, as I hold, they have 


probably reached the upward limit of their growth. 

Bougainville Strait.—This strait, which previous to the survey 
by H.M.S. “ Lark” was little known, separates the two large 
islands of Bougainville and Choiseul, and is about 25 miles across. 
On examining the chart of the strait,* it will be observed that a 
broad submarine plateau, about 15 miles in width and covered by 


from 30 to 50 fathoms of water, forms the submerged extension of | 


the east extremity of Bougainville Island. At its outer edge this 


plateau terminates abruptly in a steep slope of from 15 to 25. 


degrees, which is sharply delineated on the chart by the 100 fathom 


line, and descends to considerable depths. Its surface is uniformly 


level, but a deep hole occurs towards the middle of the strait 


* I am greatly indebted to the Hydrographer, Captain W. J. L. Wharton, 
R.N., for an early copy of the chart of Bougainville Strait, 


of Edinburgh, Session 1885-86. 


(outside Masamasa Island), where a depth of 80 fathoms was found; 
and another, in which 100 fathoms of line did not reach the bottom, 
lies off Cyprian Bridge Island. This plateau is connected with a 
similar but very much smaller submerged extension of Choiseul 
Island by a narrow neck rather over 2 miles in width. The sub- 


marine contour of this strait is well shown by the 100 fathom line 
-in the chart. It will be there seen that the two large islands of 
Bougainville and Choiseul are connected by a submerged ridge, and 


that an elevation of some 350 feet would join them together. 
Broxen lines of barrier-reef (sometimes elevated) and elongated 
coral shoals covered by from 4 to 10 fathoms of water, which may 
be regarded as incipient barrier-reefs, mark the edge of the 
Bougainvilie plateau within a few hundred yards of the 100 fathom 
line. Thus, commencing to the west of the Shortland Islands, we 
find a broken line of barrier-reef. Following the edge of the | 


plateau eastward, we come to the south side of the Shortland 
~Tslands, where elevated lines of barrier reefs, removed from 20 to 


100 feet and more above the sea, form the coasts.* Further east- 


ward, a broken line of barrier-reef follows the contour of the 


southern coasts of the island of Fauro where they approach the 
edge of the plateau.t Linear submerged patches of reef, covered 
by from 4 to 10 fathoms of water, prolong this line of barrier-reef 


to the eastward for a few miles, and subsequently follow the curve 


of the edge of the plateau as it sweeps northward to the mouth 
of the strait. Besides the islands already mentioned, numerous 
smaller islands and rocky islets of volcanic formation, which 
preserve in some instances their volcanic profile, rise out of the 
waters in the interior expanse of the plateau, and other larger 
islands of a similar character, such as Ovau, Oima, Masamasa, and 
Piedu, lie around the northern end of Fauro.{ 


* In my paper on the recent Calcareous Formations, I have shown that Alu, 
the main island, has been formed by the upheaval of a succession of barrier- 


- reefs that have grown outwards on a bottom of foraminiferous volcanic muds 


from a nucleus of volcanic rock. 

+ I visited several portions of this line of reef. A detailed description is, 
however, unnecessary. 

+ The island of Fauro is of volcanic formation. The rocks composing it are 
mostly andesites, together with altered dolerites, diorites, quartz-felsites, 
dacites, &c. Similar rocks are found in the other islands and islets of the 


straits. No traces of activity came under my notice in any of the volcanic | 
islands that I visited. 
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Corals only appear to thrive at the margin of this plateau, where 


- they have produced the lines of barrier-reefs and submerged shoals 
already alluded to. Narrow shore-reefs fringe the coasts of the larger — 


islands, but in the interior waters of the plateau corals do not 
flourish, and reefs are almost absent altogether from the long 
stretches of dark sandy beaches that form the adjacent coasts of 


Bougainville. 


On the opposite side of this strait a broken line of barrier-reef 
skirts the western extremity of Choiseul, enclosing a lagoon-channel | 
known as Choiseul Bay, 13 to 18 fathoms in depth, and from 3 to 
3 of a mile in width, where a sheltered anchorage is afforded. On 
this line of barrier-reef five wooded islets have been formed. They 
are made, for the most part, of materials thrown up by the waves at 
the present sea-level; but the presence in some of the larger islets of 
elevated coral rock in mass affords evidence of the whole line of 
reef having been recently upheaved some 6 feet or more. An islet 
of coral limestone, which rises up in the midst of the lagoon- 
channel between 20 and 25 feet above the high tide level, affords 
testimony of previous upheaval; and the hills near the coast, 


- composed as they are of foraminiferous and pteropod muds incrusted 


by coral limestone, have been antecedently upheaved. Here, then, 
as in the Shortland Islands, a barrier-reef has been formed in a 
region which has been undergoing elevation during a prolonged 


period. .... should have added that this barrier-reef of Choiseul 


Bay meets the coast at the head of the bay where it joins the shore- 
reef: to the southward it is continued as a submerged line of reef 


covered by 5 or 6 fathoms of water with a channel, 30 fathoms 
deep, inside it. 


Before concluding my remarks on this strait I will refer to Oima 
Atoll (vide plan), asingular atoll of small size which lies in the northern 
entrance about 14 miles within the edge of the submerged plateau. 


It measures nearly 2 miles in its longest diameter and rises from 


depths of 40 to 50 fathoms with a submarine slope varying between 
12 and 26 degrees. This atoll has been formed around a group of | 
rocky islets which are composed of hornblende—andesite and range 
in height from 20 to 100 feet above the sea. The variation of the 
texture of the rock in different islets, and other facts, show that 
there were four volcanic necks here represented. This atoll encloses 
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two basins, 20 fathoms deep, which are separated by a bank that 
is only partially exposed at “low water springs.” H.M.S. “ Lark” 
fuund a sheltered anchorage in the western basin. The bottom in 
the deeper parts is formed of a chalky mud. In the interior of the 
lagoon, corals thrive most on the banks that face the breaks in the 
reef and on the sides of the entrances. There are, however, extensive 
sandy tracts covered by less than a fathom of water at low tide, on 
which may be observed very large flat-topped masses of Porites, 


Oima Atoll, adapted from a Sketch of my own, assisted by the Plan 
in the Admiralty Chart. 
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10 to 16 feet across, completely dead, and only projecting a few 
inches above the sand. These huge corals had evidently been killed 
by the accumulation of sand; and it was apparent that through 
this agency the lagoon was filling up. This atoll does not seem to 
have experienced any upheaval since the commencement of its 
growth, although it is situated in an area of elevation. However, 
the existence of old erosion lines, with their accompanying caverns, 
on two of the volcanic islets affords evidence of a prior upheaval 
to the extent of some four or five feet.* I should observe that 
numerous full-grown Tridacne (7. gigas), which occur alive in the 


* The bearing of this fact is referred to on page 867. 
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shallower parts of the lagoon, where they are covered by from 6 
inches to a foot of water at “low water springs,” lie on their hinge- 
borders upon the sand, and not, as I have usually found them, in 
cavities in the coral rock. 

The Formation of Barrier-Reefs.—During my lengthened stay in 
these islands, I devoted considerable attention to the subject of the 
formation of barrier-reefs as well as to the growth of coral reefs 


in general. In the course of my investigations I took about 300 


soundings, ranging between 4 and 50 fathoms, off the weather sides 
of reefs, and I obtained in several instances the submarine profiles.* 
As typical of other reefs in this group, I will briefiv describe the 
seaward slopes of the following reefs :— 

(a) Onua Reef (vide section 2).—This is a fragment of a barrier- 


“reef on the south-east side of the Shortland Islands. For the first 


80 or 90 yards from the edge of the reef-flat, there is a gradual 
slope down to a depth of about 5 fathoms, There is then a rapid © 
fall of about 10 fathoms; at the foot of this declivity there lies a 
narrow ledge, and beyond there is a moderate slope of 13° to the 
100 fathom line. Judging from my soundings, corals thrive down > 
to depths of 15 fathoms, where the sand commences and covers the 
slopes below. This depth, it will be noted, corresponds with the 
base of the submarine declivity, a situation where, as indicated by 
the cross in the section, we should expect the sand to collect. 

(b) The Barrier-Reef of Choiseul Bay.—As shown in section 3 the 


submarine portion of this reef at first slopes gradually for the first 


70 or 80 yards from the edge of the reef-flat to a depth of 4 or 5 
fathoms, when it plunges down by a steep declivity another 9 or 
10 fathoms, from the foot of which there is a rapid talus-like slope 
to a depth of about 20 fathoms from the surface. Beyond, there 
extends a broad ledge, covered by from 23 to 25 fathoms of water, 
which terminates in a slope of about 10° to a depth of 100 fathoms, 
which is the limit of the section. An inspection of this section 


- would lead one to expect that an accumulation of sand and gravel, 


preventing the growth of reef-corals, would be found at the foot of the 
declivity, viz., in depths of from 15 to 20 fathoms, and that in the 


level region beyond, from the absence of such accumulations, there 


* Ina short paper, published in the Annals and Magazine of Natural His- 


tory for June 1884, I have dealt more particularly with the soundings. 


| 
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would be more favourable conditions for the growth of coral. My 
- soundings afford evidence that such is the disposition of the detritus 
on the outer slope of this reef. Living corals flourished on the 
upper part of the submarine slope down to the base of the declivity : 
here in depths of 15 to 20 fathoms (marked by a + in the section) 
sand and gravel had accumulated, and there was but little living 


Sections showing the Seaward Slopes of Reefs in the Solomon group. 
(Drawn on a true scale to the 100-fathom line, inch = 100 


feet.) The crosses mark the bases of the declivities where the 
sand collects, | | 


Sea-level. 


Section 1. Port-Mary Reef, Santa Anna. 


Sea-level. 


| Section 2. Reef of Onua Islet, Shortland Islands. 


Sea-level. 


Section 3. Barrier-reef of Choiseul Bay. 


coral, On carrying the soundings further seaward on the broad 
ledge beyond, I found that the sand and gravel began to disappear 
and that the armings in the greater proportion of the casts made in 
depths of from 23 to 40 fathoms showed the presence of living 
coral, This disposition of the detritus is readily to be explained. 


Sand and gravel, derived from the constant action of the rollers 
VOL. XIIL 3 M 
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breaking on the dae of the reef-flat, would naturally tend to 
collect at the foot of the first declivity in depths of 15 to 20 
fathoms; in such a situation living coral would be scarcely 


expected to thrive; but in the more level region beyond, as the 


sand and gravel thinned away, conditions more suitable for the 
crowth of coral would be found, and this is the conclusion towards 
which my soundings pointed. There would thus appear to exist 7 
on the outer submarine slope of this barrier-reef, in depths 
of 15 to 20 fathoms, a belt of detritus dividing into two 
portions the zone in which the reef-building corals thrive. (I 
have marked the position of this belt in the section by a cross.) 
Had my soundings been confined to the upper of these two sub- 
zones, I should have been justified to a great extent, on reaching 
the belt of sand and gravel, in concluding that coral did not 
thrive in depths beyond 15 fathoms; but by subsequently 
extending such soundings seaward across this band of detritus into 
the lower or outer sub-zone, I should have exposed the fallacious 
Character of such a conclusion. 

(c) Port Mary Reef, Santa Anna (vide section 1).—My soundings 
were taken off the outer edge of the reef enclosing the harbour. 
The seaward profile of the reef may be thus described. For a 
short distance from the edge of the reef-flat there is a gradual 
descent. This is followed by a rapid slope until a depth of about 
16 fathoms is reached, when within a distance of a couple of 
boats’ lengths, there is a drop of another 16 fathoms. From the 
foot of this declivity there is an easy descent for about 450 yards, 
with a fall of some 9 or 10 fathoms, which terminates in a precipi- 
tous slope where there is a drop of about 25 fathoms. The sub- 
marine slope beyond descends at an angle of 18° or 19° to con-. 
siderable depths. Corals thrive down to a depth of 30 fathoms. 
Beyond this depth sand and gravel more frequently come up in the 
armings. It will be noticed that the lower limit of the coral zone 
apparently corresponds with the base of the first declivity (marked 
with a cross in the section), as in the cases of the two reefs pre- 
viously described, and that the deeper extension of the zone in this 
instance is evidently due to the deeper situation of the declivity in 
question. Sand and gravel cover the more level tract beyond; but 
there were indications given by my soundings of the thinning 


« 
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away of the detritus towards the further edge of this ledge where 
some of the armings showed clean impressions, 

_ (d) Oima Atoll.—On the other slopes of this atoll, for the first 70 
or 80 yards from the edge of the reef-flat, there is a gradual descent 
down to a depth of 4 fathoms. Beyond this the reef slopes 
rapidly away at an angle varying between 12 and 26 degrees on 3 
different sides of the atoll, to depths of from 45 to'50 fathoms, the 
general level of the surrounding bottom. There appears to be no 
sudden break or declivity on the seaward slope of the reef, such as 
came under my notice in the cases of most other reefs. The corals 
flourish down to depths of 25 fathoms. The slopes beyond are for 
the most part covered with sand and gravel. 

[ will now sum up the principal characters of the seaward slopes 
of reefs in this group, as exemplified by those I have just described, _ 
and it should be observed that, although these remarks apply to 
reefs of any of the three classes, [ have more particularly in view - 
at present the reefs belonging to the barrier class. For the first 

70 or 80 yards from the edge of the reef-flat there is usually a 
gradual slope to a depth of from 4 to 5 fathoms. This gentle slope, 
which is largely bare of living coral (vide page 858), is traversed by 
prolongations of the fissures or channels that cross the outer 
portion of the reef-flat between the tide levels, These fissures may 
sometimes be traced by means of the white sand that collects in 
them, to a distance of 100 yards from the edge of the reef-flat. I 
have observed them on the seaward slopes of some reefs to be 
placed at regular intervals of from 25 to 30 feet. They vary in 
width between 2 and 5 feet. In the depths less than 5 fathoms 
the corals prefer the sides of these fissures, and are not, as I have 
already stated, in any quantity on the intervening spaces. 

Beyond this gentle slope, which terminates as observed above, 
in depths of from 4 to 5 fathoms, there is generally a rapid descent 
to adepth varying between 12 and 18 fathoms, which is usually 
sufficiently steep to be pronounced a declivity. In some reefs, 
however, as at Port Mary, this declivity may be situated at a 
somewhat greater depth. It is, however, on the face of this pre- 
cipitous slope that the corals flourish. This is, in fact, the growing 
edge of the reef.* The sand and gravel, produced by the action of 


* I learned from a pearl diver in these islands that he had frequently 
noticed, when diving on the outer sides of the reefs, that at the base of a 


‘ 
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the breakers at the margin of the reef, collect at the foot of this 
declivity i in depths generally of from 15 to 20 fathoms, but some- 
times in rather greater depths as at Port Mary. However, since 


the growth of coral is suppressed by this accumulation of sand and 


gravel that collects at the foot of the declivity, which I have 
termed the growing edge of the reef, it follows, as I have already 
pointed out in the instances of the Onua, Choiseul Bay, and Port 
Mary reefs, that the apparent lower limit of the zone of corals 
will be determined in the case of each reef by the depth at which 


the base of the declivity lies. The “raison d’étre” of the declivity 


is to be found in the circumstances that the corals flourish only on 
the outer slopes of reefs, in depths beyond the first line of breakers, 
i.e, below a depth of 4 or 5 fathoms. Here they are exposed to 
the strength of the tidal currents, and, as clearly shown by 
Professor Semper, they would tend to form precipitous or wall-like 
declivities sath outwards, as Mr Murray holds, each on its own 
talus. 

With regard to the deposition of the sand and gravel on the 
slopes below the growing edge of the reef, my soundings showed 
that where the descent is at all rapid (7.e., more than 10° or 12°), 


as is generally the case, this detritus extends down far beyond the 


depths in which corals thrive, but that where the slope is gradual 
(i.e., less than 5°), as in the instance of the barrier-reef of Choiseul 
Bay, the lower limit of the sand and gravel lies within the coral 
zone which is, in point of fact, divided into two sub-zones by: a belt 
of detritus. 

The results of my examination’ of the seaward, slopes of reefs 
have supplied me with an explanation of the formation of barrier- 
reefs, which I will briefly review in the light of numerous observa- 


tions I have made in this group, both on existing and elevated 


coral reefs, * 


precipitous slope in depths of 15 to 20 fathoms, the rock overhung to such an 
extent that he was able to get underneath the projecting portion. This was 
evidently due to the outward growth of the corals on the face of the declivity. 
* I first described this view of the formation of barrier-reefs in a short paper, 
entitled “ Suggestions as to the Formation of Barrier Reefs,” &c., which was read. 
before the Linnean Society, New South Wales, in October 1884 (Proc., vol. 
ix. part 4). At that time I was in ignorance of the fact that substantially the 
same explanation had been proposed many years before by Professor Joseph 
Le Conte in the instance of the Florida barrier-reefs. In 1856 Professor Le Conte 


| 
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If we imagine an island, originally formed from the materials 
ejected from some volcanic vent and bare of coral-reefs, to afford, 
after the extinction of the subterranean fires, the conditions of 
growth on its coasts for reef-building corals, a fringing reef of 
varying width according to the degree of inclination of the sub- 
marine slope will ultimately invest its shores. In course of time, 
the detritus of the corals will collect in a band of calcareous sand 
and gravel on the outer slope of the reef, marking the apparent 
limit of the depths in which the reef-corals are usually stated to 
thrive. But the vertical and horizontal extension of such a band 
of detritus will be mainly determined, as my observations have 
shown, by the presence and position of submarine declivities and 
by the degree of inclination of the slope. In such a zone of sand 
and gravel corals will not thrive; but if the submarine slope has a 
very gradual inclination, as in the case of the barrier-reef of 
Choiseul Bay, the lower limit of this zone of detritus may lie © 
within the depths in which reef-building corals flourish, and a line 
of barrier-reef begin lying parallel with the fringing reef, bu 
separated by a deep channel.* | se 
On the other hand, should the submarine slope have a more 
rapid descent, the lower limit of the belt of detritus may extend 
far beyond the depths in which reef-corals can thrive; in such 
a case no barrier-reef will form, and the original fringing reef 
will continue to grow outwards on its own talus. On this view 
the occurrence of barrier-reefs and of fringing-reefs on different 
parts of the coast of the same island may be readily explained — 


as due to the different degrees of inclination of the submarine 
slope. 


pointed out that the explanation of the circumstance that the Florida 
peninsula had been formed by a succession of barrier-reefs, instead of by a 
continuous fringing-reef, was to be found in the fact that, since corals will not 
grow on muddy shores or in water upon the bottom of which sediment is 
collected, the favourable conditions can only be obtained some distance from 
the shore. There, as he remarked, a barrier-reef would be formed, limited on 
one side by the muddiness, and on the other by the depth of the water (vide 
American Journal of Science, 2nd series, vol. xxiii. p. 46, and Nature, 
October 14, 1880). This view seems to have attracted scarcely any attention 
since it was first proposed ; but the circumstance that I arrived independently 
at the same conclusion with reference to the barrier-reefs of the Solomon Group 
is one that lends it very powerful support. 
* Such a reef covered by 5 fathoms of water lies south of Choiseul Bay. 


886 Proceedings of the Royal Society 


Keeping in view the foregoing explanation of the formation of 
a barrier-reef in a district which may for a long period have expert- 
enced no change in the relative positions of land and sea, we can 
perceive how in an area of elevation line after line of barrier-reef 


will be formed as from time to time fresh portions of the sea-bottom, 


previously below the reef-coral zone, are brought up within the 
depths in which reefs commence their growth; line upon line of 
barrier-reef will be thus advanced, each growing up along the lower 


limit of the belt of detritus derived from the line of reef inside | 


it. In process of time the elevating movement assisted by the 
accumulation of sediment, the growth of branching corals, and the 


reclaiming agency of the mangrove, will bring about the filling up 


of the passages or lagoon-channels between the lines of reef, until 


at length a tract of land is produced rising gradually from the sea- 


border to the interior but with the ancient lines of barrier-reef 
still indicated by ridges of coral-limestone on its surface, Such in 


fact is in my mind the history of the formation of the Shortland 


Islands, and I opine of the western extremity of the Choiseul Island. 
In the former locality we have the original island of volcanic 
formation in the north-west corner, from which, as from a nucleus, 
line after line of barrier-reef has been advanced in a south-easterly 
direction, forming ultimately, during the continuance of the eleva- 
tion, the large island of Alu. Should this elevating movement be 
at present suspended, as would appear to be indicated by the great 
width of the reef-flats stili overflowed by the sea on the weather 
coasts of the outlying islands, there yet remains a considerable 
addition to be made to the sea-border of Alu by the filling up of 
the passages between the lines of islands which represent elevated 
barrier-reefs on its weather coasts. Such a process is in actual 
operation at the present time in the passages, the encroachment 
of the mangrove on either side and the upward growth of coral 
in the channels being the agencies at present effecting this operation. 


‘These remarks may be made more clear by a reference to the 
sections of the Shortland Islands, which are given in my paper 


on the recent calcareous formations (Trans. Edin. Roy. Soc., vol. 


xxxll. part iii.), and in vol. ix. part 4, of the Proceedings of the 
Linnean Society, N.S. W. 


It follows from this view of the formation of barrier-reefs that 
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the lagoon channels should never be deeper than the zone in which 
reef-corals flourish ; but, as a matter of fact, the depths inside 
barrier-reefs as well as atolls not unfrequently exceed those in which 
reef-corals are believed to thrive. For instance, to take the case of 
barrier-reefs, with which we are at present concerned, depths of from 
40 to 50 fathoms occur inside the line of barrier-reef that skirts the 
eastern end of Bougainville Island in the Solomon Group. Sound- 
ings of between 50 and 60 fathoms have been obtained inside the 
Vanikoro reef in the Santa Cruz Group. Depths of 40 fathoms are 
found within the barrier-reef lying west of the Fiji Islands, and 
inside the great Australian barrier-reef the depth increases to 60 
fathoms. It is the depths of from 35 to 60 fathoms which are 
- found occasionally within both barrier-reefs and atolls that lend 
_ the greatest support to the theory of subsidence. However I have 
found a simpler explanation of the difficulty. 

In the Solomon Group the depth of the reef-coral zone on the 
outer slopes of reefs varies greately in different localities. In most 
plases its lower limit is 12 to 15 fathoms ; in others again it is from 

20 to 25 fathoms; whilst off the reef of Choiseul Bay I did not 
~ seem to have reached this lower limit in soundings of 40 fathoms.* 
This variation I found to depend upon the disposition of the 
sand and detritus on the seaward face of the reef, and this was 
itself determined by the degree of inclination of the slope and by 
the presence and position of submarine declivities, In the pro- 
tected waters of lagoons and lagoon-channels, the main determin- 
ing condition is to be sought in the degree of clearness of the 
water. The estimates of observers in other regions have been 
equally varied. MM. Quoy and Gaimard placed the lower limit 
of the zone in the Pacific at 5 or 6 fathoms. Ehrenberg formed 
a similar estimate with reference to the Red Sea corals. In 
the Florida Seas, Professor A. Agassiz has ascertained it to be less 
than 10 and usually not more than 6 or 7 fathoms. Professor Dane 
would place it at 20 fathoms in the Pacific. Mr Darwin’s limit is 
20 to 30 fathoms for all reef-regions, In the Red Sea, again, large 
beds of living coral were found in depths of 25 fathoms by Captain 


* These depths and other particulars are to be found in my paper in the 
Ann. & Mag. Nat. Hist., June 1884. More recent data have led me to change 
some of the views there expressed. 
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Moresby and Lieutenant Wellstead.* This great variation is, as I~ 
hold, and as Mr Darwin also held, to be attributed to the difference 
in the local conditions in the various localities in which the observa- 
tions were made. In the case of the Red Sea, Captain Moresby 
himself attributed the less depth at which Ehrenberg found living 
corals to the great amount of sediment. In the majority of 
instances, the observers were led to consider that in passing from 
the living corals to the sand beyond they had necessarily passed the 
lower limit of the reef-coral zone ; but I have already shown that 
if the submarine slope is gradual, living coral may b found in the 
depths beyond the sand. If, however, as is usually the case, the 
slope is somewhat steep, the sand will extend to depths far beyond 
the zone of living coral. It was the limited depth at which reef- 
corals thrive in the Florida seas as compared with depths of the 
zone in other regions that led Professor A. Agassiz to infer that the 
vertical distribution of reef-corals is determined by local causes 
rather than by the general influence of depth. ‘There seems 
to be,” thus he goes on to remark, “no simpler explanation of 


_ the limited bathymetrical range than that of the baneful action of 


the silt held in suspense near all reefs”+ The local causes that 
confine the reef-building corals. to such shallow depths in the 
Florida seas are to be found, as Professor Agassiz implies, in the | 
unusually large quantities of calcareous sediment contained in the 
water in the vicinity of the reefs and in the gradual character of the 
‘submarine slope of the rapidly advancing Florida Bank, the muddy 
surface of which is being constantly disturbed by the action of the 
waves and of the tides. 

From the foregoing remarks we may with confidence infer that 
the lower limit of the reef-coral zone is determined rather by local 
conditions than by the general influence of depth. If this be granted, 
there can be but little hesitation in allowing that under favourable 
circumstances, such as a moderate submarine slope and unusuallyclear — 
water, reef-corals may commence to build in depths beyond those 
generally assigned, as for instance, in those of 50 and 60 fathoms. 
_ We have here, then, a ready explanation of the exceptional depths 


* Dana’s Corals and Coral Islands (1872), p. 115; Darwin’s Coral Reef 
(1842), p. 83. 


+ Memoirs, American Academy of Arts and ai a: xi. part ii, No. 1, 
1885. 
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of some lagoons and lagoon-channels. I should add that Mr 
Darwin also arrived at the conclusion that local conditions, such as 
the degree of clearness of the water and the extent of inclined slope, 
might partly determine the depth of the coral zone,* but he did | 
not attribute the same importance to such causes that I have done, — 
and thus he came to scek for other explanations of the anomalous 
depths within some atolls and barrier-reefs. 

_ My observations on the recent calcareous formations of the 
Solomon Group} enable me to approach this subject by another 
road. These investigations have shown that coral-reefs are based 
usually on a partially consolidated volcanic mud or ooze often 


foraminiferous, generally abounding with recent shells, and now 


and then laden with pteropod-shells in considerable numbers, the 
_ thickness of the overlying coral-rock rarely exceeding a hundred 

feet. That the reef-corals commence to grow on such a bottom, and 
not on a layer of detritus of sand and gravel, is shown by the fact 
of my finding at Santa Anna two massive corals of the Astreide, — 
the largest 4 feet in diameter, imbedded in the position of growth, 
at a height of 40 feet above the sea, in the base of a coral-lime- 
stone cliff where they almost rested on the subjacent partially 
consolidated ooze. It is a noteworthy circumstance that in my 
numerous soundings off the outer edge of reefs in this group, which 
extended to fifty fathoms, the armings never brought up any other 
indication of the nature of the bottom, outside the usually accepted 
coral-zone, than that of calcareous sand and gravel. In truth, my 
soundings down to depths of 50 fathoms failed to reach the ooze. 
It would therefore appear that such reefs as those of the Shortland 
Islands commenced to build in depths greater than fifty fathoms. 
If elevation had brought the ooze within these depths uncovered by 
the calcareous detritus, the armings would probably have recorded 
such an occurrence amongst some of my numerous soundings. 

An apparent objection here presents itself. If reefs begin to 
build their foundations in depths greater than those which are 
generally assigned to them, the thickness of the elevated reef- 
formation discovered by me in the Solomon Group should have been 
much greater than 150 feet, the actual limit of their thickness. It 


* Coral Reefs (1842), p. 84. 
+ Vide Trans. Edin. Roy. Soc., vol. xxxii. part iii, p. 545. 
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will, however, have been gathered from the previous remarks that 
local conditions will usually confine reef-corals to depths less than 
25 or 30 fathoms, and that it will be only under occasional circum- 
stances that reefs will commence to be formed in deeper water. 
Fringing-reefs themselves are at first restricted to shallow waters 
around the coast, and their seaward extension in localities where 
the submarine slope is at all steep, as is generally the case, must be 
extremely slow. Again, in a area of elevation, such as that in 
which the Solomon Islands are included, barrier-reefs, which may 
have begun to grow in depths not less than 50 fathoms, might owe 
their approach, towards the surface as much to the elevating move- 
ment as to the very slow upward growth of the corals. It should 
also be borne in mind that the rapid subzerial denudation, to which 
_ these regions of heavy rainfall are subjected, would be an important 
- agency in the thinning away of the raised coral formations. 

The Evidence of the Outward Growth of Barrier-Reefs and 
Atolls.—* (a) Whilst examining Oima Atoll, I was particularly 
struck with the difference in size between the massive corals 
in the interior of the lagoon and those which occurred near or 
at the outer border of the reef. In the lagoon, the large masses 
of Porites ranged from 10 to 16 feet in diameter; whilst the 
largest masses that I found in the wash of the breakers at 
the outer edge of the reef, which belonged to species of Caloria 
and Meandrina, measured only 5 feet across. I have also noticed, © 
in the case of barrier-reefs in this strait, that the massive corals are — 
largest near the inner edge of the flat and diminish in size as one 
_ approaches the outer edge of the reef. Thus, in case of one of the 
Shortland reefs, I found masses of Porites at the inner edge of the 
flat which measured from 6 to 10 feet across; whilst the largest — 
massive corals (referable to the genera, Coeloria and Meandrina), 
that I found near the outer edge of the reef, measured from 3 to 4 
feet. These facts are of importance, since, according to the theory 
of subsidence, the central portion of the lagoon of an atoll and the 
inner portion of the lagoon-channel of a barrier-reef are more 
recently produced than any other portion of the area of such reefs, 
Here, then, the massive corals ought to be much smaller than those 


* This mode of growth is one of the chief points on which Mr Murray dwells. 
_ My observations go. to support his view. 
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situated towards the margin of the reef. On the contrary, I found 
them much larger and belonging to species of Porites (P. tenuis, 
P. gaimardi, P. aspera, &c.) which must be of slow growth as 
compared with the species of the two genera, above mentioned, that 
are commonly found at the outer edge of reefs in these seas. Such 
facts are only to be explained on the hypothesis that the reef has 
gradually grown outwards as from a centre and quite independently 
of any movements of subsidence. 
(b) In the cases of those partially elevated lines of barrier-reefs, 
which occur on the weather side of the principal island of the 
_ Shortland Islands, the present reef-flats are backed by a line of low 
coral limestone cliffs at the base of which is an old line of erosion. 
This mark might easily be taken as evidence of an upheaval, since 
_ the water coming over the reef-flat at high tide scarcely reaches it ; 
but, as shown in the accompanying diagram, it is only necessary in 


A. Here the waves are represented as breaking at the base of the cliff. 
Bb. A shore-reef has now been formed, against the outer edge of which the 
waves are breaking. 


imagination to remove the reef-flat in order to picture to oneself the 
rollers breaking at the base of the cliff and to perceive that this 
line of erosion has been formed at the present sea level. By the 
advancing growth of the outer margin of the reef, the cliffs have — 
been cut off from the action of the waves. Such lines of erosion 
may be partially concealed by sand. They are commonly to be 
observed in cliff-girt coral islands, like Santa Anna, which have 
_ narrow shore-reefs extending seaward from the foot of the cliffs, 

(c) The characters of the wooded islets, that have been formed on 


\ 
BD 
| 
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_ the barrier-reefs of Bougainville Strait and of other localities in the 
group by the action of the waves at the present sea level, can only 
be explained on the assumption of the outward growth of the reefs. _ 
They are situated on the leeward side of the reef-flat and border the 
lagoon-channel. At their weather margins facing the weather edge 
_ of the reef, they are but scantily vegetated. Here, on a soil com- 
posed almost entirely of calcareous sand, broken shells, coral débris, 
‘and pumice pebbles, the Pandanus and Casuarina with such shrubs 
as Scuevola Keenigit alone can flourish. It is at their weather 
margins that these islets are constantly receiving accessions. In 
one place it will be observed that the mangroves push forward their 
lines on the reef-flat whilst it is yet covered by the sea at high 
water. In another place it will be noticed that during the pre- 
valence of strong winds at spring tides the waves have thrown up a_ 
_ bank of sand a little above the ordinary high water mark. Under 
cover of:this bank, various hardy creeping plants and binding weeds, | 
such as Ipomaea pes caprae and T'riumphetta procumbens, push 
forward from the edge of the vegetation and invading the newly 
acquired strip prepare the soil for the Casuarina, Pandanus, and the 
different shrubs that rapidly follow in their rear. 

On crossing the islet to its lee side, where it borders the lagoon- 

channel, we find the soil contains a larger proportion of humus. 
_ Herethe vegetation is much denser and of a different character. Such 
trees as Barringtonia speciosa, Calophyllum inophyllum, Thespesia 
populnea, &c., form a thick belt, with their branches overspreading - 
the water. 

From the foregoing remarks it will be evident that the ia 
side of an islet is its oldest portion, and that its weather side is — 
the growing margin. Such islets, therefore, extend themselves 
seaward towards the weather edge of the reef. They would, in the 
course of time, occupy the whole area of the reef-flat, were it not for 
one counteracting circumstance, the more rapid outgrowth of the 
reef. Mr Murray attributes the position of the islets on the inner 
side of the reef-flat to the gradual removal, by solution and other 
agencies, of the lagoon-edge of the reef as it grows outward: at its 
seaward edge.* 

The Solution of Dead Coral. uae the manner in which the 


* Proc. Roy. Soc. Edin., 1879-80, x. 505. 
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upheaved coral rocks thin away as one ascends the slopes of these 
islands, an idea may be formed of the rapidity with which dead 
coral may be removed in rolution by the carbonic acid in rain water. 
_ The extensive deposits of calcareous tufa, that incrust the sides of 
the streams and form step-like ledges in their courses, have been 
derived originally from the solution of these rocks. The surfaces 
of the elevated reef-flats of St Christoval and other islands are honey- 
combed in a remarkable manner by the atmospheric agencies ; and in 
places where the rock is exposed to the dripping from overhanging 
cliffs, it is worn into holes, 12 to 18 inches deep, containing water. 

In a similar manner the carbonic acid contained in sea-water 
acts on dead. coral; but of the extent of its action and of its — 
ultimate effect I was unable to obtain the same direct evidence. It 
is to this agency that Mr Murray mainly attributes the formation of 
lagoons and lagoon-channels. As bearing on this subject, I append | 
the following remarks :— 

In the interior of Oima atoll I ested some large masses of living 
coral which presented the characters of miniature atolls, One large 
circular mass of Madrepora (with short branches), which measured 
18 feet across and 2 feet in height, possessed a dead centre that was © 
depressed 9 or 10 inches below the level of its living margin. In 
this basin at “low water springs” there were a few inches of water 
forming a miniature lagoon ; whilst the living margin was exposed 
for several inches above the surface. In the lagoon sea-urchins, 
star-fish, sea-anemones, stalked mushroom-corals, and cowries were 
to be seen in the crevices; tiny fish darted about from one side to 
the other; while a beautiful blue Botryllian and pink Nullipore 
partially concealed the unsightliness of the dead coral. From the 
manner in which the dead branches of the Madrepora in its 
central basin were blunted and rounded off, it was evident that, as 
the mass grew outwards, it had died and been subsequently dis- 
solved away in its centre. An adjacent flat-topped mass of Porites, 
measuring 13 feet across, at the same condition of the tide presented 
an example of another miniature atoll. Its central portion was 
dead and hollowed out into a basin, which was occupied by a small | 
pool of water ; whilst its living border was exposed for a few inches 


above the surface. In the pool grew tiny lumps of a Pocillopora 
and some Alcyonarians. 


| 
| 
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The increased temperature during the bright sunlight of the sea- 
water covering the reef-flats probably assists in the solution of the 


dead coral. On two occasions, whilst wading at mid-day in water 


ankle-deep (3 to 4 inches), I found its temperature to be about 
15 degrees (Fahr.), above that of the surface of the sea. Where the 


water was a foot in depth, the increase in temperature was about 
8 degrees. 


Sea-water, . 84° | Sea-water, 
Reef-flat— | Reef-flat— 
(a) 3to4in,  . 100° (a) 3to4in, 
(6) 12in, . | (6) 12 in., no observation. 


Still higher temperatures are to be found in the waters of the 
shallow pools that have been left on the reef-flats by the retreating 
tide, and are exposed to the rays of the noon-day sun. In a pool 
an inch in depth, and frequented by small fish and hermit-crabs, the 
water was heated up to 106° (Fahr.). In another pool, 4 inches 
deep, the temperature was 99°. The temperature of the sea at the 
time of these observations was 83". After the sky had been 
clouded over for an hour, the shallower pool had lost 7 or 8 degrees 
of heat; whilst the temperature of the deeper pool had only fallen 
about 3 degrees, and still remained about 13 degrees above that of 
the surface of the sea. 

The Organic Degradation of Coral Reefs.—It was a singular mis- 
conception respecting the habits of holothurians that led me to the 


consideration of the degradation of reefs by the numerous organisms | 


living upon them. It was stated by Mr Darwin,* on the authority 


of Dr Allan, that these animals subsist on living coral. Professor 


Dana,{ however, pointed out that this habit was not warranted by 
the evidence; and Professor A. Agassiz,t in his memoir on the 
Florida reefs, expressly states that holothurians do not feed on 
the living coral; Professor Semper § evidently hclds the same 
view. During my lengthened stay in the Solomon Group, 


I never observed a single instance of this habit, and I arrived _ 


somewhat reluctantly at a conclusion which compelled me to give 


* Coral Reefs (1842), p. 14. | 

+ Corals and Coral Islands (1872), p. 229 ; vide also his earlier works. 
t Mem. Amer. Acad. Arts and Sci., vol. xi. part ii, No. i. 1885, p. 127. 
g Animal Life, vol. xxxi. Internat, Scient. Ser., p. 413. 
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up a theory I had formed on the subject.* Mr Saville Kent and 
other observers ¢ have come to the same opinion. This negative 
fact may therefore be considered as established. | 
The sand and gravel that I found in the intestines of these 
animals were composed of dead coral, fragments of molluscan shells, 
small entire univalve and bivalve shells, foraminiferous tests, 
including the large Orbitolites, the joints of the calcareous alga, 
Halimeda opuntia, and other materials. Professor Semper, Professor 
Agassiz, and Mr Saville Kent have pointed out that the nutriment 
is chiefly obtained from the organic particles, diatoms, and foramini- 
fera, associated with the sand and gravel. Holothurians avoid 
these materials in enormous quantities. After several observations 
on one of the commonest species of the reef-flat, I arrived at the 
conclusion that each individual daily discharged not less than two- 
fifths of a pound (av.) of sand and gravel, and that in the course of 
a year fifteen or sixteen of these animals would discharge a ton of 
these materials, which would tend through this continual process of 
trituration and attrition to be reduced to the finest mud. Multitudes 


of other creatures take part in this operation of degradation, the | 


first stage of which is to be seen in the destructive effect of the 
boring-molluses, annelids, echinoids, sponges, &c., on the masses of 
dead corals. In the later stages, not only the holothurians, but all 


echinoderms (echinoids, asteroids, ophiuroids), together with fish, — 


molluscs, and crustaceans are actively engaged. Thus by the 
process of organic degradation coral masses are reduced to fragments, 
and these again to sand and gravel, which in their turn are ground 
down into mud. Mr Darwin held that by this agency the fine 
sands and muds of the coral reefs are produced. His misconception 
respecting the habits of holothurians does not materially affect his 
conclusion. Of the importance of this agency I feel convinced. 


Professor A. Agassiz, however, contends that, as in the case of the © 


Florida reefs, it is very slight as compared with the action of the 
breakers. These reefs, I would point out, are somewhat exceptionally 
situated. Here the rollers pass over the muddy slopes of a submarine 
bank before they reach the reefs, and in consequence, after storms, 
the sea is discoloured with chalky sediment for miles around. Such 


* Nature, Nov. 2, 1882, and Feb. 21, 1884. 
t+ Nature, March 8 and 29, 1883. 
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a phenomenon is unusual in the Pacific, where, on account of the 
greater rapidity of the submarine slope, the rollers dash at once 
against the face of the reef. Professor Dana, who regards this 
process of organic degradation as inadequate, would attribute the 
formation of the chaiky mud of lagoons and reef-flats to self- 
trituration of the gentlest kind possible. 
_ Very fine sand may be distributed over the bottom of lagoons and 
_ lagoon-channels in the following manner :—I have often observed 
this material floating in the shallower places on the calm surface of 
the water, the particles being connected together and coated by some 
oily film, such as invests the pellets of sand voided by holothurians 
and other animals that frequent coral reefs. A touch of the finger, 
by wetting the upper surfaces of the particles, causes them to sink. 
_ This material appears to be taken up by the water as it runs gently off 
the sandy flats that are exposed by the ebbing tide. In this manner, 
during a calm day, sand may be transported on the surface of the 
water from the margin to the centre of a lagoon, when some slight 
disturbance, such as a cat’s paw of wind, will send it to the bottom. 
I may here refer to the important part which echinoids take in 
the degradation of coral rock, On every reef it will be noticed that 
the blocks of dead coral, and especially the flattened dead summits 
of the massive corals, such as Porites, display singular narrow and 
somewhat tortuous grooves, 8 to 12 inches long, 1 to!2 inches wide, 
and 3 to 4 inches deep.* The sides of these grooves are worn 
smooth and are lined by a pink nullipore. Nestled at the bottom 
of each is to be found a solitary echinoid belonging to a species of 
Echinometra, the size of which exactly corresponds with its furrow, 
so that it is difficult to dislodge it without injuring the animal. 
That these grooves are the permanent homes of these echinoids is 
shown in the character and arrangement of the spines on the two 
sides of the tests, which are in close apposition with the walls of the 
furrow. The spines are here small and partially stunted, and no 
_ longer radiate from the animal, but are pressed back against the 
test. These grooves are evidently produced by the occupant, for it 
is well known that echinoids are able to gouge holes for themselves 
in the solid rock. According to Professor A. Agassiz, species of 


* These grooves are often preserved on flats of coral rock that have been 
recently elevated a few feet or more above the sea. 
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Cidaris and Echinometra dig holes in the coral rock of the Florida 
reefs. In the Solomon Island reefs, Hchinometre occasionally 
occupy round deep holes of their own workmanship, but cavities of 
this shape are generally formed by other species of echinoids. 
Submarine Deposits at present forming outside Coral Reefs.— 
The calcareous sand and gravel that strew the outer slopes below 
the zone of living corals in depths between 20 and 100 fathoms and 
beyond, are largely composed of reef-débris, the tests of two species 
— of Crbitolites (Orbitolites complanata and heterostegina), the joints 
of the calcareous alga, Halimeda opuntia, and of Nullipore. T have 
found the two species of the Foraminifera just mentioned living at 
all depths between a couple of feet and 75 fathoms; and frequently 
when I have been using a lead having a broad cup 34 inches across, 
ten or twelve of their tests have been brought up together on the 
arming. Their bleached tests, for when alive or recently dead these 
Foraminifera are of a sea-green colour, are equally numerous in the 
chalk-like mud exposed inside the reefs by the retreating tide, and 
together with the joints of the Halimeda they may be said to largely 
compose many beaches.* I have only found this. calcareous alga 
living on reef-flats and in the wash of the breakers on the outer 
borders of reefs and among the troubled waters caused by tide-rips 
on coral shoals, which are covered by less than 10 fathoms of water. 
In my soundings on the outer slopes of reefs I only brought up the 
dead joints. It may be truly said that next to coral débris the tests 
_ of Orbitolites, fragments of Nullipore, and the joints of Halimeda 
opuntia are the most important rock-forming materials in depths of © 
from 20 to 100 fathoms on the outer slopes of reefs in these seas.f 


* The Foraminifer, Tinoporus baculatus, is also commonly found in the 
sand of the Solomon Island beaches. 

+ Similar deposits of Orbitolites are forming off the Australian shore between | 
the inner reefs of the great barrier-reef. Mr Beete Jukes found that the dredge, 
from depths of 15 or 20 fathoms, was sometimes filled with Orbitolites: these 
organisms seemed in some places to make up the whole sand of a beach 
of a coral island (Student's Manual of Geology, 1862, p. 181). The 
important part taken by Halimede and Nullipore in the composition of 
deposits of coral reefs attracted the attention of Mr Darwin. We are informed 
by him that joints of a Halimeda and small fragments of Nullipore, all dead, 
thickly strew the bottom in depths greater than 90 fathoms, off Keeling Atoll; 
and also that Capt. Allen, R.N., in his survey of the West Indies, found that in 
depths between 10 and 200 fathoms the armings very generally came up 
covered with the dead joints of a Halimeda (Coral Reefs, 1842, p. 86). 
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Other macroscopic Foraminifera, such as Operculina complanata, 
Alveolina boscii, &c., occur, both alive and dead, amongst the sand 
and gravel. To fragments of Nullipore the Foraminifer Polytrema 
priniaceum is sometimes attached. Small unattached corals of the 
genus Heteropsammia came up frequently in the sand and gravel, 
from depths between 20 and 40 fathoms off reefs, 


The composition of this deposit on the outer slopes of reefs and 


the depths to which it extends are points of importance. Its 
- materials would form a white compact limestone, such as I have 
‘described in my paper on the calcareous formations (p. 574)* as — 
_ the commonest type of the so-called coral limestones in the Solomon. 
Group. A rock of this description might be formed at any depth | 
between 20 and 100 fathoms in places where the submarine slope 
is steep; but where the slope is moderately rapid, 7.e., less than 20°, 
as it usually is, these deposits will be probably restr icted to depths 
considerably within the 100 fathom line. _- 

I should here observe that these remarks apply only to the deposits 
forming off coral reefs. On coasts, such as those of St Christoval, 
and in harbours, such as Treasury Harbour, where numerous streams 
carry down a quantity of sediment into the sea, this material is mixed 
in varying proportions with the calcareous sand and mud. 

Of the nature of the deposits forming off the coasts of these 
islands in depths beyond 100 fathoms, I have been able to judge 
from the character of the soundings made by Lieutenant Oldham in 
H.M.S. “ Lark” between the north coast of St Christoval and the 
adjacent islands of Ugi and the Three Sisters, There appears to be 
a maximum depth here of rather over 400 fathoms. In depths of 
100 to 200 fathoms the nature of the bottom varies according to the 
locality. Thus, off the St Christoval coast, where the sediment 
brought down by.the numerous large streams is in great part derived 
from volcanic rocks, the deposits forming in these depths consists of 
a dark calcareous mud sometimes foraminiferous and mixed with 
coarser volcanic detritus; while off the coasts of the small islands 
of Ugi and the Three Sisters, the bottom between these depths of 
100 and 200 fathoms is formed for the most part of calcareous 
sand mingled with macroscopic foraminifera.t The material 

* Trans. Edin. Roy. Soc., vol. xxxii. part 3. | 


t From a depth of 100 fathoms there vame up on one occasion dead coral 
fragments in addition to the sand. 


of Session 188 5-86. 899 


either a dark calcareous mud ora dark mud containing but little 
lime. In places the bottom —: to be rocky with but little sedi- 
mentary matter. 


I here append a few of the soundings which ¢ appear to be of special 
interest : — 


420 fatticene. —Gravel (size 2 1 of an inch) formed of a somewhat 
decomposed volcanic rock. A single valve of a delicate 
shell (Leda, sp.) was also brought up. coe 

370 fathoms.—An almost impalpable dark-coloured non-caleareous 
‘mud or clay, of which a large portion appeared to be of 
vegetable orign, a low plant-growth or alga investing the 
minute siliceous grains, | 

. 350 fathoms.—A subangular fragment (3 an rm across) of some 
calcareous rock, with a portion of the shell of one of a species 
of the Balanidz apparently recently fractured. 

230 fathoms.—A single subangular pebble, almost an inch long, 

| of a finely crystalline basic volcanic rock (spec. grav. 2°85). 
No accompanying mud or sand. — 

170 fathoms.—Small angular, probably crushed, ainaiiiy (5 of 
an inch) of a dark compact calcareous rock. 


From the several soundings that were made between 100 and 400 
fathoms in this locality, I came to the conclusion that the volcanic 
muds, which form the bulk of such islands as Ugi and many others 
in the Solomon Group, are at present forming off the coasts of 
reef-girt islands in depths greater than 100 fathoms. In the case 
of those portions of the coasts of the large islands, such as St 
Christoval, which on account of the sediment brought down by 
the streams are bare of reefs, the soundings of the survey have 
shown that these volcanic muds are forming at all depths from a 
few feet beneath the low tide level to a depth of some hundreds of 
fathoms, 


Some of the principal pointe of this paper I will briefly summarise 
as follows :— 

1. That ese ea barrier-reefs, and atolls exist in this group. 
They arrange themselves into two classes (a), those formed at 
the present sea-level, and (b) those that have been upheaved to 


brought up from depths between 200 and 400 fathoms were usually 
| | 
| 
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heights varying from a few feet to several hundred feet above the 
sea, which I have already treated in a previous paper. 

2. That the numerous detached submerged coral shoals in these 
seas, which represent in fact the early condition of a coral reef, are 
not able, without the aid of a movement of elevation, to raise them- 
selves to within the constructive power of the breakers. Being 
arrested in their upward growth at depths varying between 5 and 


_ 10 fathoms, according to the exposed or protected character of their 
| situation, they form flat shoals of no great size. 


3. That atolls of small size, 2z.e., a mile or so across, do not assume 
their characteristic form until they have reached the surface. A 
small flat-topped shoal is first brought by upheaval to or above 
the sea-level. Lateral extensions or wings grow out on either side, 
so as to ultimately form a horse-shoe reef. Such a reef presents its 
convexity against the prevailing surface-currents, to which in truth 
it owes its shape. The southern island of the Three Sisters was 
evidently produced in this manner (vide p. 16). In some atolls, 
as in the instance of Oima Atoll (p. 21), one or more islets of 
volcanic rock have served as points from which the reef begins to 
grow, guided in its direction by the prevailing surface-currents. 
The foregoing remarks do not refer to large atolls. On account of 
their large extent they would probably have assumed their form 


beneath the surface, since, according to the principle laid down by | 


Mr Murray, they would then have a relatively smaller periphery for 
the supply of food and sediment to the interior than would be 


possessed by the small submerged shoals above described.* 


4, That the characters of the seaward slope of a reef are as 
follows :—For the first 7 0 or 80 yards from the margin of the reef- 
flat there is usually a gradual slope, largely bare of living coral, 
which terminates at. a depth of from 4 to'5 fathoms in a rapid 
descent to a depth varying generally between 12 and 18 fathoms. 
It is this declivity that constitutes the growing edge of the reef, 
and the sand and gravel, produced by the constant action of the 
breakers, collect at its base. : 

5. That where there is a rapid submarine slope, 7.e., more than 
10° or 12°, as is usually the case, the sand and gravel, produced in 
the manner just referred to, will extend far beyond the depths in 


_* Proc. Roy. Soc. Edin., vol. x. p. 505. 
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which reef-corals thrive ; but that in the case of reefs possessing a 
gradual seaward slope, i.e. less than 5°, the lower margin of this 
band of detritus will lie within the zone of reef-building corals, 
and in consequence a line of barrier-reef will be ultimately formed 
beyond this band with a deep water channel inside. 

6. That where the area is undergoing elevation, a succession of 
concentric lines of barrier reefs would thus originate, line after line 
being advanced, as fresh portions of the sea bottom are brought 
towards the surface, each line growing upward along the lower 
margin of the band of detritus derived from the line of reef inside 
it. In such a manner have the Shortland Islands been formed. 

7. That the forgoing explanation of the formation of barrier-reefs 
in these islands is substantially the same as that proposed thirty 
years ago by Professor Joseph Le Conte in the instance of the 
Florida reefs. He then pointed out that since corals will not grow 
on muddy shores or in water upon the bottom of which sediment is 
collected, the favourable conditions can only be obtained at some 
distance from the shore, where a barrier-reef would ultimately be 
formed limited on one side by the muddiness and on the other by the 

depth of the water. 
Since I was not acquainted with Professor Le Conte’s view, my 
explanation has all the more value. The independent agreement of 
the two views is itself a third argument in favour of this mode of 
formation of barrier-reefs, which may now be briefly stated. 

These reefs will only grow on gradual submarine slopes, ¢.e., on 
those less than 5°; and since corals cannot thrive in the shallower 
depths on account of the accumulation of sand and the presence of 
sediment in the water, a reef can only be formed in the depths at 
some distance from the shore where these unfavourable conditions — 
do not exist. If such depths are within the reef-coral zone, then a 
barrier-reef will be produced. The foregoing conditions may be 
described as the determining causes of a barrier-reef. After the reef 
has been formed, other agencies, such as solution, organic degradation, 
and the scouring action of tidal currents, will keep the lagoon- 
channel open. 

The circumstance that barrier-reefs often exist at the margin 
of a submarine plateau, beyond which the slopes descend rapidly 
to great depths, has hitherto not been satisfactorily explained. I 
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may cite the instances of the great Australian barrier-reef and 
of the barrier-reef of Bougainville Strait described in this 


paper (page 20). Such plateaux have a very gradual slope, and, 


provided that their outer margins are within the limits of the reef- 
coral zone, they would afford the most favourable conditions for 
reef-crowth. 
‘This explanation of the origin of bisesles-oviele in no way affects 
the views at present held by Mr Murray, Professor A. Agassiz, 


Professor Semper, and others, concerning ‘the formation of atolls. 


Atolls of small size may be produced in the manner referred to in 
paragraph three on page 41. Those of large size would assume their | 
form, whilst still submerged, on account of the condition of the 


food-supply favouring the growth of coral at the circumference. 


When such a reef has reached the limits of breaker-action, the sand | 


and detritus accumulating in its centre would repress in a greater 


degree the growth of the coral ; and finally, after the reef has reached 


the surface, the lagoon would be further deepened by the solvent 


action of sea-water and by the organic degradation of the dead 


coral.* 


Nor is my view of the origin of barrier-reefs inconsistent with 
that held by Mr Murray and other naturalists. The chief point of 
difference is that I do not consider that the agencies of solution, 
diminished food-supply, organic degradation, and tidal scour, are 
the determining causes of the formation of the lagoon-channel, but 
that they are auxiliary causes which come into play after the reef 
has begun to grow at that distance from the shore where the suitable 
conditions for reef-growth exist. | 

On the formation of fringing-reefs, my observations throw no 
additional light. These reefs, when occurring alone, often characterise 
steep submarine slopes, but they may accompany barrier-reefs on 
coasts where the slope is more gradual. 

8. The statement that lagoons and lagoon-channels are some- 
times deeper than the zone in which reef-corals thrive, is founded 


* Mr H. O. Forbes, in his recent account of Keeling Atoll, refers to the 
welling up of dark sulphureous water in the lagoon, by which the corals, 
molluscs, fish, and other organisms were killed over a large area of the basin 
(A Naturalist's Wanderings in the Eastern Archipelago, 1885, P- 22). Such 
an agency can scarcely be exceptional, and probably takes a part in the forma- 
tion of lagoons. 


[ 
. 
> 


of Edinburgh, Session 1885-86. 903 


on a misconception of the conditions that limit the depth of this 
zone. All observations go to show that the depths at which reef- 
corals thrive vary greatly in different localities, the variation being 
due to differences of local conditions, such as the degree of inclina- 
tion of the submarine slope, the presence of submarine declivities, 
the amount of sediment held in suspension, the force of the breakers, — 
and other influences. The main determining condition is to be 
found in the injurious effect of sand and sediment rather than in 
the. general influence of depth, and the distribution of these 


materials is dependent on the local conditions above referred to. 


Local conditions will usually restrict the reef-coral zone to depths — 
less than 30 fathoms; but I have shown that where there is a 


_ gradual submarine slope, reef-corals are to be found in depths 


beyond the sand and gravel.* Since most observers, however, have | 


_ regarded these materials as necessarily limiting the zone, they did 


not push their inquiries beyond. Under favourable conditions, 
reef-corals may thrive in depths of 50 or 60 fathoms, and thus we 
can readily explain the apparently abnormal depths inside some 
atolls and barrier reefs. The fact that I came upon some upraised | 
massive corals resting in their position of growth on a partially 
consolidated ooze, which I never found in depths less than 50 
fathoms, goes to support this view. 

_ 9. That proofs of the outward growth of barrier and ‘ie reefs 
on their own talus, a point to which Mr Murray attaches much 
importance, are to be found— 


(a) In the circumstance that massive corals may be commonly 
observed to increase in size as one approaches the lagoon 
from the outer margin of the reef-flat. 

(b) In the presence of old lines of erosion which have evidently | 
been produced at the sea-level, but which have been cut off 
from the action of the waves by the advancing g edge of the 

 -reef-flat. 

(c) In the characters and position of the wooded islets, situated 
on reefs, which would, in course of time, cover the whole 
reef-flat, were it not for one counteracting circumstance, the 
outward growth of the reef. 


* I found living reef-corals on one occasion at a depth of 40 fathoms. 


| 
| 

| 

| 
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10. That the deposits at present forming on the outer slopes of 
reefs in depths down to 100 fathoms consist largely of coral débris, 
Foraminiferous tests, especially Orbitolites, the joints of the calcareous 
alga Halimeda opuntia, and portions of Nullipore. Similarly 
composed deposits have been found in other regions of coral reefs 
in the same situation. A rock of this composition is one of the 
commonest types or coral limestone (so called) in mad Solomon 
Group. 


4, The Eggs and Early Stages of some Teleosteans. By 
J. T. Cunningham, Esq. 


5. The Reproductive Organs of Badellostoma, and a Teleostean 
Egg from the West Coast of Africa. By the Same. 


6. A Synthetic Outline of the History of t Biology, 
By Patrick Geddes, 


To appreciate the present position of biological science, it is 
necessary to have a clear conception of the history. For this, 
abundant historical materials are indeed available, and reach their 
highest level in the standard works of Sachs* and Carus.+ Such — 
detailed histories, however, produce, by their very completeness, a 
measure of embarrassment. Moreover, the existence of numerous 
distinct lines of research, often equally prominent at the same time 
and in the same work, is apt to obscure the fact that the science has 
really had a simple and natural evolution. What the student | 
demands is not so much any detailed chronological survey, but 
rather a sketch which will show how the whole system of modern 
biology, with its increasingly exhaustive analysis of detail, lies 
within a few essential lines of research, as laid down by a definite - 
succession. of original thinkers. This has already been done for 
the morphological aspect of the science in the author's article 
“Morphology,” in the Encyclopedia Britannica, and for the phy- . 
— slological side more recently in Dr Michael Foster’s article ‘“ Phy- 


* Geschichte der Botanik. + Geschichte der Zoologie. 
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siology.” Referring, then, for more extended treatment to these two 
sketches, it is the object of this paper, after (1) briefly recapitulating 
the main lines of progress in each case, (2) to make clear the essential 
parallelism in the evolution of these two aspects of biology, and (3) 
to make practical application of the synthetic outline thus reached. 


§ 1. Morphology.—(a) We must regard Buffon as neither distinctly — 


a morphologist nor physiologist, but as a general natural historian, 


whose wide and brilliant survey of all that was known of the forms - 


and habits of organismas gave a semblance of order and method to 
the chaotic accumulations of the medieval or “encyclopedist” 


school, which found in his famous Histoire Naturelle at once its monu- — 


ment and grave. Without forgetting the labours of Ray and other 
early systematists, we may fairly say that the modern period opens 
with Linneus. He is to be noted here, not so much for his detailed 
labours,—for his introduction of binomial nomenclature, definition 
of the successively higher categories of species and genus, order and 


class, precision of descriptive terminology, and the like,—but Lage 
generally for that isolation of the conception of form from that of 


function, in which he laid the basis of the future science of pure 
morphology. The exhaustive catalogue of natural forms which 
Linnzeus began was continued by his pupils and intellectual heirs. 
It is still in progress, as the recent “Challenger” expedition testifies. 
- Each new species described means a leaf added to the Systema 
Nature, and the whole work has thus, as it were, been under con- 
tinual revision and perfection by a constant succession of sectional 
sub-editors. | 

(6) The transition from the study of the iia’ form to that of ite 


component organs was made by Jussieu, and thence introduced into | 


zoology by Cuvier. A new school of morphology arose, in which 
superficial description was supplemented by detailed anatomical 
_ research, and this line of advance has been followed up by a series of 
brilliant Cuvierians, The school is thus an unending one, to which 
every new descriptive anatomical research belongs as clearly as if 
it were published as an appendix to the Régne Animal itself. 

(c) The next step is due to Bichat, who penetrated below the study 
~ of organs, and analysed the body into a series of simple tissues with 


definite structural characters. Here, again, a new movement—the ~ 


histological—found its beginning, and thus, under the Anatomie 
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Générale, may be grouped not only the labours of his immediate . 
school, but researches on embryonic layers and tissue structure, | 
which form so large a proportion of recent literature. - 

(d) Histology had not, however, found in the study of tissues its 
ultimate basis. Yet a deeper mine of morphological inquiry was 
opened up when Schwann referred all plant and animal structure to 
its cellular type and origin. The tissue was analysed to a cell 
ageregate, and that study of cells in their form and structure, in 
their development and modifications, which still — occupies" 
histologists, was thus fairly initiated. 

(e) Finally, the researches of Dujardin, von Mohl, Schultze, and 
others directed attention from the cell as such to its all important 
component protoplasm. With this began a new epoch, in which a 
fundamental basis for the study of organic structure is sought in — 
the investigation of protoplasm. 

The history of morphology is thus that of a progressive analysis; 
the study of form, so well expressed in the labours of Linnzus, is 
succeeded by the study of organs in the comparative anatomy of 
Cuvier; while the histological movement inaugurated by Bichat’s 
analysis of organs into tissues is developed in the study of cells 
which Schwann suggested, and finally in the investigation of pro- 
toplasm, which affords the latest and deepest problem of morpho-— 
logical research. No deeper analysis is possible, without passing — 
out of morphology altogether into chemistry and physics, and we 
are thus warranted in regarding our analysis as practically ulti- 
mate. Along these five great lines of inquiry our morphological 
researches are still progressing towards exhaustiveness, and while 
all, or at least most, of these are combined in any exhaustive mono- 
graph, such as those of the Naples Station or of the “Challenger ” 
expedition, it is yet in no way arbitrary to classify the labours of 
morphologists as being respectively continuations of the Systema 
Nature, the Régne Animale, the Anatomie Générale, the Cell — 
Theory of Schwann, and Dujardin’s description of protoplasm, or of 
one or more of these. oe 

§ 3. Physwlogy.—(a) The early physiology, which had not shaken 
itself free from mystical interpretations of the processes of the body, 
but still clung to the hypotheses of animal and vital spirits and the — : 
like, was little more than a superficial study of habit and tempera- 
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ment. Of this non-analytic line of study Haller, though somewhat 
in advance of contemporary research, may be taken as a convenient 
representative.* It is still represented, of course, by many physio- 


logical naturalists, and such recent explanations as that of the origin _ 
of sex in terms of parental temperament, “superiority,” &c., may 


be named as convenient instances. . 


_(b) The progress of anatomical research could not, however, fail to | 


show that many vital processes were associated with definite organs, 
and here begins that study of the functions of each organ taken asa 
whole, which formed for so long the sole problem of physiology. 
As a typical representative of this school we may perhaps name 
Johannes Miiller. 


_ (c) Bichat was, however, physiologist as well as morphologist, and 


in the physiological side of his Anatomie Générale function was re- 
ferred below the mechanism of an organ to the fundamental pro- 


perties of its component tissues. Bichdt thus not only deepened 


‘both morphology and physiology by a new analysis, but showed 


them to coincide in the study of tissue. The plane of contact 


between the two subsciences being demonstrated, we can thus 


understand how Bich&t was the first thinker who clearly formulated — 


the conception of a united biology. 

(d) With the advent of the cell theory, function, which had been 
referred from organ to tissue, had now to receive a yet deeper 
Interpretation in terms of cell-structure. Such acellular physiology 
was soon suggested by Goodsir, and developed by Virchow and his 
school. 

(e) The of function in terms of which 
had thus been attempted at different levels, began even here to 
break down, and as attention was directed to the nature of pro- 
toplasm, physiology began to undergo what Foster well describes as 
a change of front. The physiologist must begin to read the riddle, 
alike of function and structure, in terms of the molecular changes 


(metabolism) within the protoplasm. These are distinguished as — 


(a) the constructive, assimilative, synthetic, or “ anabolic” changes, 


*It must be noted that in the selection of on leaders of physiological 
inquiry, no dogmatic attempt is made to determine the relative claims of 
different pioneers. The need of vividness is sufficiently served by select- 
ing names which must at least be allowed to be those of leading and charac- 
teristic types. 
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in which food is built up into more complex and unstable mole- 
cules ; and (b) the destructive, disruptive (‘‘ katabolic”) changes in 
which the protoplasm breaks down into waste products, In terms, 
_ then, of these physical and chemical processes of anabolism and 
katabolism, we have to explain the whole series of vital phenomena. 
The chemical appendix of the physiological manual has, so to speak, 
to become the book, and the present book the future appendix. 
§ 2. In the former portion of this outline morphological research 
was traced through the study of form, organ, tissue, and cell, still it 
found its deepest expression in the investigation of protoplasm; and 
_ we have just seen how the phenomena of life, successively discussed 
as habits and temperaments, as functions of organs, as properties of 
tissues, and as modifications of cells, find their final empirical. 
explanation in terms of protoplasmic processes. The progressive 
lines of inquiry are thus accurately parallel. The two sides of the 
science exhibit a precisely similar evolution. 
The results of our survey may be conveniently summarised in 
the accompanying diagrams. The columns to the night and. left of 


MORPHOLOGY. | PHYSIOLOGY. 
DuJARDIN.| SCHWANN. | BicHAT.|\CUVIER.| LINNE. BicnAt.| Vincnow.| BERNARD. 
ENCYCLOP 
BUFFON. 
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the middle line (fig. 1) indicate the various physiological and morpho- 
logical lines of research. Under the names of the leading types, 
selected as representative, it is the task of a detailed history to fill 
in those of their followers. 

If we suppose the diagram rolled into a syllinded the meeting of — 
the two edges will readily illustrate how, in the study of pro- 
 toplasm, morphology and physiology come into ultimate contact. 
Again, if the diagram be folded along the middle perpendicular 
lines, a gradual unfolding from the centre outwards will, as column 
after column is exposed, illustrate the historic evolution of the 
science. The same facts are expressed in another way by the second 
diagram. The five horizontal lines indicate the different levels, along 
- which morphological or physiological research has arisen and must 
proceed. Or we may conceive the diagram as representing a double 
series of five shelves, on which the literature of the different planes 
of research is disposed. The two series of classic works already 


MorpHo (form)<~« BUFFON (function). | 
wf | Organ- 
ism. 
C| | | Organ. M| U |LLIER 
| | 
Blic| |AT Tissue. Bi 1c] 
| | 
| 
plasm Bler| 
Fig. 2 


referred to, unite to form literally the biological pentateuch of mor- 
phology and physiology respectively, to one or more of which each 
recent research, however “ original,” must, without exception, be 
simply regarded as a commentary, or as an append ix. For, since not 
qualitatively distinct, their originalityis simply of a guantitative order. 

Where, however, it may be asked, is the position on such a 
scheme of Darwin and other evolutionists? To some extent, indeed, 
on all the lines or levels. Their special labours are distinctly 
so classifiable, e.g., the “Monograph of Cirripedia,” mainly under — 
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Linneus, partly under Cuvier, and so on. But the conception of 
evolution cannot, of course, be classified with either of the sub- 
sciences of form or function, but rather they with it. Evolution 
considers form and function no longer statically, but in movement. 
The line of thought which follows out the conception of evolution 
cannot thus be represented in the above diagram ; it lies in a third 
plane, and must be traced through the pile of accumulated concrete 
facts at right angles. Evolution bears, in fact, the same relation 
to morphology and physiology as history to statistics.* | 
§ 3. Application.—The preceding summary, if indeed just and 
accurate, will (a2) enable the student to recognise the historic evolu-_ 
tion in its naturalness and unity, and (0) afford a ready and orderly 
method of passing beyond the limits of his own immediate specialty 
towards the unravelment, nay, even the mastery, not indeed of 
the entire quantity, but of the whole essential literature of biology. 
But (c) a yet more important practical result is forcibly suggested 


by this bird’s-eye view. If, as has been shown, morphology and 
_ physiology have alike found not only a deeper, but an ultimate con- 


tact, in the study of protoplasm, then we have travelled to the very 


limits of empirical research, and, qualitatively speaking, can go no 


further. As Foster suggests, a new departure becomes, however, 
possible. Without, of course, checking the detailed labours of mor- — 


phologist and physiologist in developing any of the five inductive 


lines of inquiry, it is now incumbent on the biologist to interpret 


the results deductively in terms of their fundamental secret, nay, 
even to verify them by prediction. It is no longer sufficient to 


accumulate additional empirical detail, however interesting ; what 
has been already gained must also be appreciated and rationalised. 

It is necessary, in short, to retrace the progress of the science, to 
interpret structure and function at all their levels, in terms of pro- 
toplasm, and thus furnish the deductive rationale of each hitherto 
merely empirical order of observed fact and connecting theory. If 
the waves of inductive research have reached their utmost (qualita- 
tive) limit, the possibility of returning on the reverse wave is now 
at least open, great though may be the risks, But a concrete 
example of this is still required. In the author's recent Encyclo- 
pedia Britannica articles, the phenomena of Reproduction and Sex 
* Cf. the writer’s - Classification of Statistics,” Proc. Roy. Soc, Edin., 1881. 
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(q.v.) have been discussed inductively; while the following paper 
applies the result gained to the deductive interpretation of organ, 
tissue, and cell in their connection with the reproductive function. 
In other words, these two attempts at the treatment of these sub- 
jects, traversing as they do the whole field of morphology and 
physiology, both vegetable and animal, affords a crucial test alike © 
of the justice of the above historical outline, and of the practicability 
of its deductive application. In the Britannica articles, the facts 
of outward form and habit, the reproductive organs, tissues, and 
cells, are respectively described in the conventional (z.e., inductive | 
or empirical) order, and the required rationale of the whole series 
of phenomena (the theory of sex and reproduction) is finally reached . 
(see “Sex,” Hncy. Brit.) in terms of the metabolism of proto- 
plasm. The following paper attempts the reverse, 7.¢., unconven- 
tional and deductive, yet rational method, the applicability of. 
which has just been argued for ; it postulates merely the simple and 
ordinary conception of protoplasmic metabolism, and successively 
deduces from this the form and essential functions of the repro- 


ductive cells, tissues, and organs, and even the external characters and — 
temperament of the sexes. , 


rn: Theory of Growth, Reproduction, Sex, and Heredity. 
By Patrick Geddes. 


From the synthetic outline of the history of biology contained in 

a previous paper, the practical corollary was deduced, that it was | 
- now legitimate, if not indeed urgent, for the biologist to reverse the 
usual order of investigation, and instead of merely adding induc- 
tively to the categories (therein enumerated) of accumulated fact, 
boldly to set about interpreting these in terms of their fundamental 
secret,* that of constructive and destructive metabolism—ana- 
bolism and katabolism. Selecting a set of problems at once peculiarly 
comprehensive and peculiarly difficult, which the author has in recent 


* As already noted in the previous paper, the physiologist no longer seeks 
to explain function in terms of organisation, but rather both in terms of pro- 
toplasm. It is thus necessary to postulate an acquaintance with the modern 
conception of protoplasm, for which reference may be made to M. Foster's — 
Ency. Brit. article on ‘‘ Physiology,” and the writer’s article on “ Proto- 
plasm.” The general theory may be summarised in the accompanying 
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essays* discussed inductively, it is the object of the present paper to 
apply the modern conception of protoplasmicanabolism and katabolism 
to the phenomena of growth, reproduction, sex, and here dity. At dif- 
ferent levels of analysis, attempts have indeed been made to rationalise 
these phenomena, the theories of sex alone being said to number hun- 
dreds, but it has been already pointed out that an interpretation of func- 
tion in terms of protoplasmic changes is, in its nature at least, ultimate. 
§ 1. Growth.—The first adequate discussion of growth is due to 
Spencer, + who pointed out that in the growth of similarly shaped 
bodies, the mass increases as the cube of the dimensions, the surface 
only as the square. Thus in the growing cell the nutritive 
~ necessities of the increasing mass are ever less adequately supplied 
by the less rapidly increasing absorbing surface. The early excess 
of repair over waste secures the growth of the cell, but the neces- — 
diagram. Protoplasm is regarded as an exceedingly complex and unstabie 
compound, undergoing continual molecular change or metabolism. On the one 
. : hand, more or less simple 

dead matter or food passes 
into life by a series of assimi- 
lative, ascending changes, 
with each of which it becomes 
molecularly more complex 
and unstable. On the other 
hand, the resulting proto- 
plasm is continually breaking 
down into more and more 


e 
Pid 
e* 


simple compounds, and finally 


into waste products. The 
ascending, synthetic, con- 
structive series of changes are 
termed ‘‘anabolic,” and the 
descending, disruptic series, 
‘*katabolic.” Both processes 


may be manifold, and the 
| predominance of a particular — 
Fig.l. series of anabolic or katabolic 
changes implies the specialisa- 
tion of the cell. The upper figure (A) represents the complex unstable protoplasm 
as if occupying the summit of a double flight of steps; it is formed up the 
anabolic steps, it breaks up and descends by the katabolic. The lower figure (B) 
is a projection of the upper, its convergent and divergent lines serving to repre- 
sent the various special lines of anabolism and katabolism respectively, and the 
‘definite component substances (‘‘anastates” and “‘ katastates ’’) which it is the 
task of the chemical physiologist to isolate and interpret. 
* “ Reproduction” and ‘‘ Sex,” Ency. Brit., vols. xx. and xxi. 
+ Principles of Biology. 
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sarily disproportionate increase of surface implies less opportunity 
for nutrition, respiration, and excretion, and waste thus overtakes, 
balances, and threatens to exceed repair. Three alternatives are 
then possible ; (a) a temporary equilibrium may be established, and 
growth ceases, or (b) the increase of waste may bring about dissolution 
and death, or still more frequently (c) the balance of mass and surface 
may be restored by the division of the cell. 

_ Now, these facts may be expressed in lower and more definite 


terms. The early growth of the cell, the increasing bulk of con-— 


tained protoplasm, the accumulation of nutritive material, corre- 
spond to a predominance of processes which are constructive or 
anabolic. The growing disproportion between mass and surface 
implies a relative decrease of anabolism, while the simple con- 
tinuance of life or metabolism entails a gradually increasing pre- 


ponderance of destructive processes or katabolism. While growth 

continues, the algebraic sum of the protoplasmic process is of course © 
+ on the side of anabolism, and growth may thus be defined as the - 
preponderance of an anabolic tendency, rhythm, or diathesis. The © 


limit of growth, when waste has overtaken and begun to exceed the 
income or repair, corresponds in the same way to the maximum of 
katabolic preponderance consistent with life, in other words, to the 
climax of the katabolic diathesis. It is well known, for instance, 
that cell division occurs especially at night, when nutrition is at a 
standstill, and when there is therefore a relative katabolic prepon- 
derance. | 


Nor does this definition of the limit of growth apply only to_ 
cells, but also, of course, to cell-aggregates. The phenomena of 


/ growth in the history of tissue and organ, of organism and stock 
alike are expressible in terms of the anabolic and katabolic balance 
above referred to. The average size of the species, the length of its 
life, the advent of the reproduction which marks the beginning of 
death, must submit to be similarly rationalised. The paleonto- 
logist, even, may be enabled to understand the rationale of that 
attainment of great bulk exhibited by so many of the highest types 


of ancient as well as of modern faunas, and also of the constant — 


tendency of such gigantic forms to extinction. _ 
§ 2. Reproduction (a) Asexual.—It has been noted above that a 
continued surplus of anabolism involves growth, that this growth is 
VOL, XIII. | 30 
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sooner or later checked by the preponderance of katabolism, and 
that the most frequent alternative is the restoration of the balance by 
cell-division. To this physiological necessity, then, is referable (with 


Continuous Growth. ‘Continuous Cell», Discontinuous Growth or 
3 Reproduction. 


50 


Fig. 2. 
Spencer) the origin of discontinuous growth or asexual reproduction. 


Budding, simple-division, and spore-formation like continuous cell- 


division, are simply different forms of the necessary separation which 
must occur at the limit of growth, if the continuity of life is to be pre- 
served. Like continuous cell-division, asexual reproduction. occurs 
when waste or katabolic processes are in the ascendant. But what 
holds true in the growth of the individual cell, is valid also in regard 
to the aggregate. There, too, a limit of growth must eventually be 
reached, when discontinuous growth in some form becomes inevit- 
able. The essential difference is simply that at first in the uni- 
- cellular individual the disintegration and reintegration entirely 
exhaust the organism and conclude its individual existence, while in 
higher forms the process becomes more and more localised. 

(b) Sexual Reproduction: Phylogenetic Evolution.—Turning now 
to the connection between asexual and sexual reproduction, it will 
be convenient, in the first place, to resume the facts of the phylo- 
genetic evolution, and then to interpret these physiologically. The 
clear morphological account given by Vines (see his discussion of 
“ Reproduction— Vegetable,” Ency. Brit.) may be taken as a basis. 
(1) A simple protophytic alga like Protococcus usually exhibits a per- 
fectly continuous asexual cycle, in which the cell divides into a number 
of equal spores which come to rest and develop to the normal size. 
A hint of incipient differentiation appears in the occasional division | 
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of the cell into a larger number of smaller spores, which settle down, | 
however, and develop just like their more richly dowered neigh- 
 bours. (2) In Ulothrix, again, both large and small spores may be 
formed by division, and both may simply come to rest and germi- 
nate. In such a case, however, the macrospores seem tu form a 
weakly plant, unless they have previously united in pairs in con- 
jugation. (3) The reproduction of Ectocarpus is also effected by 

macro- and microspores, and in this case the latter generally though 
~ not invariably conjugate. Between the conj jugating forms, more- 
over, a certain physiological difference can be detected ; some soon 
come to rest and settle down, and it is with these that their more ~ 
energetic neighbours by-and-by conjugate. There is thus the 
_ beginning of a distinction between male and female elements. (4) 
Further, and more markedly, in Cutleria the two kinds of spores 
result from perfectly distinct sporangia, and the larger, less mobile — 
macrospores, which soon come to rest, are fertilised by the smaller, 
more active microspores. Both the dimorphism and the fertilisa- 
tion characteristic of sexual: reproduction have thus become, in a 
‘Tmeasure, defined. 
Let us now review these morphological facts in the light of pro- 
toplasmic processes. We see in Protococcus how spores of smaller 
size, that is to say, less predominantly anabolic, are yet able to — 
develop independently; and that this also happens with the 
microspores of Ulothrix, resulting, however, in a weaker plant, 
while a more successful development may be ensured by a process 
comparable to mutual nutrition. Individually they are too kata- 
bolic for anything but weak independent development ; in uniting, 
_ however, they are strong. The case of Hctocarpus is peculiarly 
instructive, not only in the association of more marked microspores 
with the almost constant occurrence of fertilisation, but also in the 
presence of two distinct conjugating types,—the comparatively 
sluggish, more nutritive, preponderatingly anabolic (female) cells, 
which soon settle down, and the more mobile, finally more 
exhausted and emphatically katabolic (male) spores. In Cutleria 
too the less mobile and more anabolic macrospores are fertilised by 
the more active and more katabolic microspores, which have now — 
gone too far for the possibility of independent development. 

In the Protozoa, also, amid the general occurrence of continuous 
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cycles of asexual reproduction, we find hints of sexual dimorphism 
and fertilisation. Both among Radiolarians. and Infusorians the 
- conjugating elements may differ in size; in the Volvocinee especi- 
ally macro- and microspores occur, which may conjugate with one — 
_ another, though the process is usually restricted to the latter. 

- The almost mechanical flowing together of exhausted cells, as 
- illustrated in plasmodia, is connected through the known surviving © 
cases of multiple conjugation with normal conj ugation, and we 
have just seen how gradually the dimorphism appears which marks 
the transition from conjugation to fertilisation, and makes the 
latter indispensable. Enough has been said to indicate this 
extremely gradual differentiation of asexual into sexual reproduction. 
The very gentleness of the gradation leads one to regard the two 
processes as analogous responses to the same physiological neces- 
sities. The same disturbance of the balance between anabolism and 
katabolism which results in the occurrence of asexual reproduction, 
when continuous growth or continuous cell-division was no longer 
possible, leads, in more developed forms, to the separation of the 
dimorphic and mutually dependent elements of sexual reproduction. 
As asexual reproduction occurs at the limit of growth, so a check 
to the asexual process involves the appearance of the sexual, which 
— is thus still further associated with katabolic preponderance. 

The familiar history of the Aphides may serve as an illustration. 
During the summer months, with favourable temperature and 
abundant food, the Aphides produce parthenogenetically, generation 
after generation of females. The advent of autumn, with its 
attendant cold and scarcity of food, brings about the birth of males, 
and the consequent recurrence of strictly sexual reproduction. In 
artificial environment, equivalent to a perpetual summer, the asexual 
process may be prolonged for years, while a lowering of the © 
temperature and diminution of the food at once reintroduce sexual 
reproduction. The occurrence of the latter is, in other words, | 
associated with the setting in of conditions which make for kata- 
bolism. | | 
This opposition between nutrition and reproduction, which, after 
life and death, is the most obvious antithesis in nature, is 
often taken advantage of for practical purposes. The removal 
of the reproductive organs, in flowers, for instance, mcreases the 
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vigour of vegetative growth; while in the well-known expedient of 
root-pruning, nutrition is checked in order to favour sexual repro- 
duction. Again we note the connection between the latter and 
_ katabolic ascendency, and thus the familiar generalisation that nutri- 
tion varies inversely as reproduction (perhaps most familiarly illus- 
trated in the contrast between the leafy and spore-bearing portions of 
many ferns—Osmunda, Botrychium, &c.) admits of being more pre- 
cisely restated in the thesis, that as a continued surplus of anabolism 
involves growth, so a relative preponderance of katabolism necessi- 
tates reproduction. 

It is again on the present view seaditey intelligible why in 1 the : 
exceptionally favourable anabolic environment of bacteria and 
many parasitic fungi sexual reproduction should not occur. Mar- — 
shall Ward* has pointed out that the more intimate the degree of 
parasitism or saprophytism, the more degenerate the sexual repro- 
duction. The greater the anabolism, in other words, the more 
growth, and the less sexuality. That such comparatively complex 
organisms can continue their asexual reproduction, dispensing al- 
together with the acknowledged stimulus of fertilisation, may 
probably be, at least partially, explained by the poepenee of abundant 
waste products acting as extrinsic stimuli. 

- The relation of sexual to asexual reproduction, which has been 
— already referred to in its phylogenetic history (p. 914), is sometimes 
beautifully| illustrated in the life of the individual. There are, for 
instance, frequent reversions from the sexual to the asexual process, 
and from the latter to vegetative growth. Among cryptogams the 
sexual reproduction is sometimes suppressed ; thus the fern plant, for 
instance, may spring from the prothallium asexually. Nor is it 
uncommon for the asexual reproduction by spores to be replaced by a | 
continuous vegetative growth. In the flower-head of an Allium, 
again, we constantly find that some of the flowers have degenerated — 
into asexual buds. A still more beautiful Ulustration of the condi- 
tions of genesis is afforded by the tiger lily. In this form growth 
at first tends to remain continuous, and the base of the bulb bears — 
simple vegetative buds. Further up, however, where nutrition 
reaches its maximum, the axils of the leaves contain buds, which 
are separable though still asexual. Finally, further up still, where 


_ * “Sexuality of Fungi,” Quart. Jour. Micr. Sci., xxiv. 
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nutrition is relatively lese active and katabolism is maximised, 
the formation of flowers indicates the appearance of sexual repro- 
duction. | 
(c) Alternation of Generations.—The alternation between tape- 
worm head and proglottides, between fixed hydroid and swimming 
bell, between leafy fern plant and inconspicuous prothallus, and the 
like, are familiar facts, which have, however, been studied almost 


exclusively on their morphological side. Even on superficial in- 


spection, however, of any of those numerous cases, where an 
asexual form alternates with one or more dimorphic sexual genera- 
tions, it is evident that we have here to do in two generations with 
what is often so obvious in one—the familiar antithesis between 
‘nutrition and reproduction: A consideration of the physiological 


_ distinctions between the asexual and sexual generations, shows that 


‘the former is the expression of favourable nutritive conditions 
resulting in vegetative growth, or at most in asexual multiplication, 
while the latter is conditioned by. less propitious circumstances. 
Just as a well-nourished plant may continue propagating itself by 


‘shoots and runners, and just as an Aphis in artificial summer may 


for years reproduce parthenogetically, so a hydroid with abundant 


food and otherwise favourable environment may be retained for a 


prolonged period vegetative and asexual, while dearth of food and 
otherwise altered conditions evoke the appearance of the sexual 


- generation. That the tapeworm head, or the encysted scolex before 


it, should in a plethora of nutriment remain asexual, while the pro- 
glottides, further from the sources of supply, &c., exhibit sexual 
reproduction, conforms to what we have already seen in regard to 
the relation of the two processes to one another and to the condi- 
tions favouring anabolism or katabolism. The contrast between the 
deeply-rooted, well-expanded fern plant and the weakly-rooted, 


_ 8lightly-exposed prothallus, is obviously that between an organism — 
in conditions favourable to the continuance and preponderance of 


anabolic processes, and that of an organism in an environment 
where katabolism is, at an early stage, likely to gain the ascendant, 
the former therefore is asexual, the latter sexual. A survey, in 
fact, of the conditions and characteristics of the two sets of forms 


inevitably leads us to regard the asexual generation as the expression 
of predominant anabolism, and the sexual as equally emphatically 
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katabolic, Alternation of generations’ is indeed but a rhythm 
between a relatively anabolic and katabolic preponderance. The 
- conception must be applied, however, not only to the general facts, 
but to specially difficult cases. Thus the peculiarity in the life- 
history of mosses, where the naturally vegetative or asexual genera- 


tion is not independent, but grows, as it were, parasitically upon — 


the sexual, explains the comparative failure of that line of evolu- 
__ tion, and the more successful development of those other cryptogams 
in which the asexual ‘generation, developing its predominantly 

- anabolic tendency, finds sufficient foothold in the struggle for exist- 
ence. So. phenomena, like apogamy and apospory in ferns, the 
shortening of the sexual generation in phanerogams, and the like, 
- must beanalysed. In short, all the modifications of form, floral and 
other, in one or in two generations, must be explained—not in terms 
of “spontaneous variation,” «e., by unaccountable variations in 
each special case, with natural selection varying also with. circum- 
stances for each special case, as has been usually believed and 
-maintained—but in terms of the fundamental protoplasmic pro- 
cesses, by reference to the rhythm of anabolism and katabolism. 


§ 3. Nature of Sex. A. Inductive. —In what has been already - 


noted in regard to incipient sex, it was the object to indicate how 
sexual reproduction was related to the asexual process, and how 
both were associated with a preponderance of katabolism. There 


rernains, however, the further problem of the real nature of sex, or 


the rationale of sexual dimorphism. In attempting to define the 
distinctive characteristics of male and female, it is necessary to begin 
with the sexual elements themselves. The difference between male 
and female is there exhibited in its fundamental and most concen- 
trated expression. It is in the sexual elements, indeed, that the 


continuity of organic life is secured, the vegetative organisms being — 
but appendages to the direct immortal chain of sex-cells. In com-— 


paring ovum and spermatozoon it is necessary, in the first aja to 
refer briefly to the possible phases of cellular life. 
Starting from an undifferentiated and ameeboid cell, it is a 


simple fact of observation that the continuance of life in varying 


environment opens up the possibility of great variation in the 
protoplasmic metabolism, so that the algebraic sum of anabolism 
and katabolism must vary within the widest limits. Suppose, 
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then, a continued surplus of anabolism over katebolion il 
result is necessarily a growth in size, a reduction of kinetic energy 
and movement, an increase in potential energy and reserve food- 
material. Irregularities thus tend to disappear; surface-tension, 
too, may aid, and the cell acquires a spheroidal form. The result— 
a large and quiescent ovum—is thus intelligible enough. ‘Again, 
starting from the ameceboid cell, if katabolism be in growing pre- 


-ponderance, the increasing liberation of kinetic energy thus implied 


must find its outward expressiom in increased activity of movement 
and in diminished size; the more active cell becomes modified in form — 
by passage through its fluid environment, and the natural result is the 
flagellate sperm-cell. The morphological characters of the sexual ele- 
ments are thus expressible as the results of preponderant anabolism _ 


Smee 


in the lei and katabolism in. ma male. It would lead us. wteo far 


_ at present from our direct argument to show how this applies to the 


Protozoa, which exhibit a practical coincidence of cell and organism, 
and which should be defined not so much as “organisms devoid 
of sexual reproduction,” but rather as “ undifferentiated reproductive 
cells (protosperms or protova, as they may in fact be called) which 
have not built round themselves a body.” Not only do the Protozoa — 
illustrate, in the great lines of their differentiation, and in the phases ~ 
of their life-histories, the outcome of preponderant or equated ana- 
bolism and katabolism; but in the incipient dimorphism of two 
conjugating individuals or the macro- and microspores of higher 
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forms, we find the primitive expression and fundamental secret of 
that difference which afterwards comes to saturate the whole body, 
and to effect what we know as sexual dimorphism. Without enter- 
ing into detailed illustration, it will be instructive to select the 
case of Volvox. In this colonial organism, which is best regarded 
as a multicellular protist, the component cells are at first all 
alike. They are united by protoplasmic bridges, and simply form 
a vegetative colony. In favourable environmental conditions this 
state of affairs may persist, or be interrupted only by partheno- 
genetic multiplication. When nutrition is checked, however, 
sexual reproduction makes its appearance, and that in a manner 
which illustrates most instructively the differentiation of the two 
sets of elements. Some of the cells are seen differentiating at the — 
expense of others, accumulating capital from their neighbours ; and 

if their area of exploitation be sufficiently large, emphatically anabolic 


cells or ova result ; while, if their area is reduced by the presence of 


numerous competitors struggling to become ova, the result is the 
formation of smaller, more katabolic, and ultimately male cells. In 
some species distinct colonies may, in the same way, become pre- | 
dominantly anabolic or katabolic, and be distinguishable as com- 

pletely female or male colonies. Again we reach the conclusion 
of a predominant anabolism effecting the differentiation of female — 
elements, and of katabolism as characteristic of the male. 

(2) Another illustration may be selected. In the cells of a develop- 
ing anther an enormous number of crystals may be often observed 
to occur. Crystals are, however, usually regarded as accumulations 
of waste products. These anther crystals are, in fact, comparable — 
to urinary deposits. Such accumulations do not, however, occur 
in the embryo-sac or in the female organs in spite of the homology 
in male and female development. They occur as signs of kata- 
bolism where we would naturally expect them—in the tissue of the 
male organs. | | 

(3) Or, again, in the structure of Chara or Nutella, there is, as 


ig well known, an alternation between nodal and internodal cells. 


The internodal cells are actively vegetative, and go on increasing in 
size ; they do not divide, and may be justly regarded as emphatically 
anabolic. The nodal cells, on the other hand, are much smaller, 
and do divide. They are to be regarded as relatively more katabolic, 
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A crucial test of the present theory thus suggests itself. Since the 
reproductive organs are simply, as every morphologist knows, 
shortened branch-structures, we should predict that the cell from 
the segmentation of which the antheridium is derived must corre- 
spond in position to a nodal cell (z.¢., be based upon an internode), 
while the corresponding essentially female cell or ovum must be 
internodal or apical in origin (7.¢., based upon a node). It is there- 
fore not a little noteworthy that an examination alike of classical 
figures and fresh specimens will show that this imperfect homology, 
but perfect physiological correspondence, is invariably the fact. 

(4) Similarly over a larger area, if we take a general survey of 
male and female forms, noting the distinctions of their form, func- 
tion, and general habit of life, it will be seen that the males are upon 
_the whole smaller, more active, with higher temperature, shorter _ 
life, &c., than the more vegetative, nutritive, and conservative 
females—the apparent exceptions presented among the higher 
animals being readily explained when we bear in mind the larger 
development of the male muscular system necessitated by the excep- 
tional stress of external activities thrown on the male during the 
period of incubation or pregnancy, &c. ejecting theories of 
_ “inherent” maleness or femaleness, it is yet evident that there ~ 

must be some cause giving a bias to the general life,—some influence 
saturating the whole organism,—in fact, some predominant proto- 

plasmic diathesis, An analysis of the differences in detail 
| suggests the previous conclusion that the female is the outcome 
of preponderant anabolism, and the male of equally emphatic 
(5) An induction over another wide series of observations also 
confirms the result already reached. I refer to the researches on ~ 
the determination of sex,* which, though incomplete, and in many 
cases divergent, have yet led to a few results which may be con- 
sidered as fairly well established. Thus, when the male parent is 
older than the female, when it is in its physiological prime, when 
the sperms meeting the ova are young and fresh, when the con- 
ditions of nutrition and environment both for parent and offspring 
are defective or unfavourable, the offspring is likely to be male. On 


* See « Sex,” Ency. Brit. 
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the other hand, when the female parent is older than the male, 
when the female is at its physiological prime, when the ova fertilised 
are young and fresh, when food is abundant and environment 
favourable, the chances are distinctly in favour of the offspring 
being female. A few well-known cases may be briefly referred to. 
Thus old branches of conifers, overgrown and shaded by younger 
ones, produce only male inflorescences, and some fern prothallia in 
unfavourable conditions can still produce antheridia, but not arche- 
gonia. Male plants of hazel grow more actively in heat than the 
female, and Stratiotes aloides bears only female flowers north of 52° 
lat., and from 50° southwards only male ones. Caterpillars starved 
before entering the chrysalis state produce males, while others of the 
same brood highly nourished come out females. In his well-known 
tadpole experiments, Yung raised the percentages of females in 
one brood from 56 in those unfed, to 78 in those fed with beef, and 
in another from 61 to 81 per cent. by feeding with fish; while, 
when the especially nutritious flesh of frogs was supplied, the per- 
centage rose from 54 to 92. | = 

Now such conditions as deficient or abnormal food, high tempera- 
ture, deficient light, moisture, and the like, are obviously such as 
would tend to induce a preponderance of waste over. repair,—a 
_katabolie diathesis,—and we have just seen that these conditions 
tend to result in the production of males. Similarly, the second set 
of factors, such as abundant and rich nutrition, abundant light and 
moisture, must be allowed to be such as favour constructive pro- 
cesses, and make for anabolism, and we have just seen that these 
conditions result in the production of females. The explanation 
has thus been reached, that in the determination of sex, influences — 
inducing katabolism tend to result in production of males, as those 
- favouring anabolism similarly to increase the probability of females. 
-B, Sex—Deductive Interpretation.—The theory may be confirmed, 
moreover, deductively as well as inductively, in proportion to the 
~ guccess of its interpretation of the various orders of phenomena, 
from the reproductive elements themselves to the sexual dimorphism 
of the entire organisms. Of this deductive rationale, however, — 
only a few illustrative examples can here be given. 

(1) In regard to the reproductive elements, numerous empirical 
results, hitherto little more than curiosities of observation, admit 
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of being rationalised. Thus, if the ovum be a predominantly 
anabolic cell, in an environment tending towards the increase of 
anabolism, the occurrence in so many groups of degenerate ova which 
are wholly nutritive becomes intelligible. They have passed the limit 
of normal anabolism, and have become too anabolic to divide. So 
the various kinds of spermatozoa, from the ordinary ciliated type to 
the sluggish amceboid form of many Arthropods, may be arranged 
according to the degree in which katabolism diminishes. The amce- 


_ boid forms partly equipped with nutriment persist, as is well known, 
_. for a prolonged period, which would be quite impossible for the 


rapidly moribund ordinary types. Experimental researches like 


those of Zacharias and others on the action of reagénts, &c., on 


sperms, such facts as the artificial reversion to the amceboid type, 
the attraction of sperms most powerfully to the most nutritive solu- 
tions, and so on, acquire a new meaning and importance. _ 

(2) So, too, in the phenomena of maturation, the formation of 
polar vesicles seems rightly interpreted as an extrusion of the katabolic 
or male elements from the preponderatingly anabolic ovum. The 


close parallelism between spermatogenesis and oogenesis, which has 


been elsewhere insisted upon,* holds good here also, The extrusion - 
of protoplasmic elements at various stages in spermatogenesis, but 
especially in the sperm mother-cell or sper- 
matogonium, which is homologous with 
the ovum, may be similarly expressed 
as a separation of predominantly ana- 
bolic material. In this connection it is 
worth noting how Van Beneden and Julin 
have, in their researches on oogenesis and 

Fic. 4.—Oogenesis and 
Spermatogenesis. spermatogenesis in Asca7is, emphasised 
| the exact morphological correspondence 


of the two processes. A further corroboration of a different char- 


acter has been afforded in the microchemical demonstration of the — 
similar staining reactions of polar vesicles in ova, and the blasto- 
phore remnant in spermatogenesis. Further, in the differentiation 
of the reproductive elements in most plants, certain elements are 
observed to be separated off, and these admit of being similarly 


* “History and Theory of Spermatogenesis,” Geddes and J. Arthur 
Thomson, Proc. Roy. Soc. Edin., 1886. | 
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rationalised. In the history of the pollen grain Strasburger dis- 
tinguishes the vegetative, apparently non-functional, from the gene- 


rative or essential nucleus. On the present view, the latter would — 


be regarded as emphatically katabolic, the other half as less so. 
Similarly, the basal portion of the zoospore-forming cell in certain 


 Algee, the unused remnant in the antheridium of Salvinia and other | 


forms, the ‘ Bauchcanalzelle” separated in the differentiation of 
Conifers and Archegoniates, and other cases noted by Strasburger 
and others, admit of being interpreted as separations of anabolic or 
katabolic portions, as the case may be. That such a separation may 
_ take place in cell division is illustrated on the present view, for 
instance, in the primitive reproductive cell of a Sagitta, which 
divides into two portions, afterwards ‘Coveepes to form ovary and 
testis respectively. 

(3) In regard to fertilisation, which forma, indeed, the central 
: problem of sex, numerous theories have been proposed ; some authors, 
e.g., Strasburger, asserting the absence of any essential physiological 


difference ; while, according to others, like De Bary, the difference 
is indeed profound. Sachs suggested the analogy between ferment- 


ation and fertilisation, while Rolph regarded the process in its 
nature and origin as distinctly nutritive. It has been already 
noted, in regard to the origin of fertilisation, that the almost 
mechanical flowing together of exhausted cells is connected by the 
stages of multiple conjugation with the ordinary form of the latter, 
while the respective differentiation of the two elements effects the 
transition to fertilisation proper. Historically, then, fertilisation is 


comparable to mutual digestion, and the reproductive process has — 


arisen from a nutritive want. With the differentiation of the ele- 
ments along anabolic and katabolic lines, the nature of the fertilising 


act becomes more definite. The essentially katabolic male cell, 


getting rid of all accessory nutritive material contained in the sperm- 
cap and the like, brings to the ovum a supply of characteristic 


katastates, which stimulate the latter to division. The profound — 
chemical differences surmised by some are intelligible as the out- — 


come of the predominant anabolism and katabolism in the two 
elements. The union of the two sets of products restores the 


normal balance and rhythm of cellular life. Rolph’s suggestion is | 


thus included and defined. 


| 
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Just as some zoospores may sometimes dispense with conjugation 
and germinate independently, so may ova develop parthenogeneti- 
cally. These are to be regarded as incompletely differentiated forms 
which retain a measure of katabolic (male) products, and thus do 
not need fertilisation. Such a successful balance between anabolism 
and katabolism is indeed the ideal of all organic life. That the 
extrusion of polar globules has been observed in some instances, 
only shows that some katabolic products are still expelled. Just as 
in the disappearance of sexual reproduction in parasitic fungi, where | 
surrounding waste products presumably serve the purpose other- 
wise effected by means of sexual organs, so peculiarities in the develop- | 
ment of parthenogenetic ova may explain the retention of the normal 
balance which makes division possible without the usual stimulus — 
afforded by fertilisation. | 
(5) The deductive interpretation must, however, be extended from 
the elements themselves to the associated tissues. In the present 
state of our knowledge, it is sufficient to suggest the interpre- | 
tation of the phenomena of segmentation, or of the resemblances 
and divergences between that of the ovum and that of the spermato- 
gonium. That the different modes of segmentation, in regard to 
which we barely know the morphological facts, must ultimately 
depend upon variations in the anabolic and katabolic rhythm is evi- 
- dent, though the nature of these variations is obscure. Nor in regard 
to later development can we do more than note that the physiological 
importance of the embryonic layers may be essentially expressed in 
terms of their respective predominance of anabolism and katabolism. 

(6) In reference to the tissues of ovary and testis, tempting appli- 
cations might be suggested. Hermaphroditism, for instance, is 
common in the undifferentiated embryonic stages, when the cell- 
diathesis is still to some extent undecided. Whether it occurs 
thus, or with casual or constant persistence in the adult, it is due 
to the local preponderance of anabolism and katabolism in one set of — 
reproductive cells or in one period of their life. Van Beneden and 
others have suggested that the yolk-bodies (vitellaria) of the com- 
plex generative organs of many Platyhelminthes are to be regarded — 
as degenerate ovaries. On the present view this seems extremely 
probable, and is expressible as the result of an over-nutrition result- 
ing in a too completely anabolic preponderance. Other pathological 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


of Edinburgh, Session 1885-86. 927 


degenerations of the ovary will doubtless admit of similar description, 
while the abnormal regions in amphibian testes may be similarly 
| referred to restriction of the area of predominant katabolism. 

(7) The application of the conception of anabolic and katabolic 


rhythm to organs and functions, sheds a new light on several — 


familiar processes. If the female sex be indeed preponderatingly 
- anabolic, we should expect this to show itself in distinctive functions, 
and so it is. Menstruation is thus explained as the means of getting 
rid of the anabolic surplus in absence of the foetal consumption. Just 
as it is intelligivle that the process should atop after fertilisation, 
when replaced by the demands of the foetal parasite, so the occur- 
rence of lactation as the outcome of a still preponderant anabolism, 
and the final return of menstruation, become lucid and reasonable. 


So in a widely different region the distinctly anabolic overflow of 


nectar ceases at fertilisation, and the surplus of continued pre- 
ponderant anabolism is drafted into the growing fruit, In the 
male, too, similar expression is given to preponderant katabolic 
diathesis. Even associated organs may be influenced by the general 


tendency. Thus the kidneys of the stickleback, greatly affected — 


_ by mature testes, are known to produce special waste or katabolic 
elements in the form of mucous threads, which instinct has sub- 
sequently utilised in the familiar nest-building. So, too, various 
peculiar sexual functions, such as those frequently associated with 
the maturation of the sexes, will doubtless admit of being explained 
- not merely (and more or less metaphysically) as the result of sexual 
_ selection, but really and ultimately as the outcome of anabolic or 

katabolic preponderance. 

(8) The general average difference in pom and habit between 
male and female has been already referred to as an inductive argu- 
ment in support of the theory that the males are predominantly 
katabolic, and the females as emphatically anabolic. Conversely, 
the fundamental conception of protoplasm, z¢, life, may be 


applied to the interpretation of the details both of form and | 


habit. Thus, every one is familiar with cases such as Bonellia, 
Rotifers, and Cirripedes, where the males are mere pigmies 
in comparison with the females. Here a long continuance of 
predominant katabolism has brought its peculiar nemesis, Where 
the reproduction of the female throws a larger share of energising 
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on the shoulders of the male, the latter may exceed in size; and 
the same may result in instances, like that of the drones, where the 
activities are excessively low. In regard to general features, then, © 
such as higher temperature and greater activities in the males, 
and in reference also to secondary sexual characters, it is no longer 
sufficient to explain these teleologically in reference to sexual selec- 
tion; both essential and secondary peculiarities must be explained 
as the results of oe anabolic or katabolic diathesis in the 
two sexes. 
§ 4. Heredity.—Since the theories of ‘endiie will be discussed 
in a future paper by my friend Mr Arthur Thomson, the subject 
shall be referred to here only in briefest outline. To explain the 
likeness of offspring to parent numerous hypotheses, both physiolo- 
gical and physical, have been suggested, which, though perhaps too — 
mystical in their present forms, will yet, to some extent at least, 
admit of being re-expressed in the more real and definite terms 
of protoplasmic changes. : 

An important line of investigation, first noted by Jager, but 
recently followed up and corroborated by Nussbaum, and especially 
by Weismann, emphasises the fact that, in many cases at least, the 
future reproductive elements are isolated from the germ at an early 
stage in the development, and, in some cases, before the differen- 
tiation of the body-cells. In the direct continuity between the 
rudimentary reproductive organs of the embryo and the parent 
ovum, there is a continuity of protoplasm, which is in Ateelf a 
partial explanation of the continuity in history. 

Now, if the reproductive elements start with a wii proto- 
plasm continuous with that of the combined mother ovum and 
fertilising sperm, that is, with a concentrated accumulation of 
characteristic anastates and katastates, the simple fact that the 
products of protoplasmic change must be fixed, definite, and con- 
tinuous, as in all chemical processes, gives us at once a protoplasmic 
basis from which to explain the constant and necessary symmetry 
of segmentation and development. __ | 

On the other hand, if there be cases where the superficial charac- 
ters acquired by the individual parent are transmitted to the off- 
spring, apart from the result of similar environment and experience, 
it must not be forgotten that all the organs of the body do toa 
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certain extent share mutually in nutriment and in waste prodacts, 
and that thus, besides the characteristic specific protoplasm acquired. 
through direct continuity, both germinal cells and developing embryo | 
may accumulate a proportion of characteristic anastates and katastates, — 
acquired as it were “pangenetically” from the organs of the body. © 
—§ 5. Much of the above interpretation may be summed up in 
reference to the genealogical tree. Starting from one of the familiar 
diagrams (a) expressing the 
genetic relationships of the 
various forms, the accompany- 


ing figures represent magni- | : 
fied fragments of the tree. The | 
second figure (6) expresses the 
continuous alternate series of — 

sex-cell and organism, the lat- 
ter becoming less and less dis- 


tinguished from its parent cell \ 
until the two practically coin- | 
cide in the Protozoa. The 
parallel one (c) shows how the 


continuous immortal stream of oo. 
protozoan life, which Weis- 

mann has so well described, is i 
continued by that of the ree 


productive cells among higher 
animals. The gradually enlarg- 

ing leaves of the tree, which 

represent individuals, express 

in their relation to the base the 

gradual differentiation of the 

reproductive process, which is 

at first coincident with the 

disintegration and reintegration | 

of the entire organism, but be-, — 

comes as we ascend more and 

more localised, the individual 


life also surviving more and more completely the katabolic and at 


first fatal act of reproduction. To represent the two sexes, a second 
VOL. XIII. 3 P 


Fig. 5. 
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set of “leaves” should be added, and thus to fig. ¢ there should be 
apposed another similar figure, yet divergent enough to express the _ 
difference between the sexes. The mode of representing the process 
of “alternation of generations,” already explained at p. 918, will 
readily suggest itself. 

In short, then, when the genealogical tree has thus been sii | 
until we can study the succession of organisms which compose it, we _ 
find that the explanation of the morphological and physiological 
phenomena which this succession presents and involves (i.e., those 
of growth, reproduction, sex, and heredity) becomes raised from the | 
plane of detailed, un-coordinated, and empirical observations and 
hypotheses, to that of a generalised and verified rationale or law, by 
the deductive application (which the historic survey of the preceding 


paper showed to be at once legitimate, urgent, and profitable) of | 


that simple principle which is fundamental in biology. 

We thus come to understand the phenomena of heredity and 
growth, of reproduction and sex, as a continuous series of expressions 
of whole acti vities of the organism; and thus the marvellous 
phenomena of sex are seen to be no isolated ones, but, in animal or 
- plant alike, the highest outcome, the literal blossoming, of the 
individual life. | 

At this point the present exposition naturally closes, since its 
obvious applications to the problems of. human life cannot be 
entered on within the present paper. Yet a new and vaster deduc- 
tive application of the same principle must be indicated. For if the 
details of the genealogical tree be thus explained, so ‘also may the 
curves, the general direction, nay, the very origin, of its branches ; 
t.e., the problem of those variations which we know as sexual, leads” 
us to the problem of variations in general; it enables us to look 
- forward to the solution of the problem of etiology in deeper terms 
than those of “natural selection” alone, as illustrations of a con- 
tinuous rhythm of anabolic and katabolic change.* 


_ NOTES, 


1, (P. 917.) A thoroughly parallel instance of the association — 
between a specially anabolic environment and the non-occurrence of 
sexual reproduction is afforded by the recent observations of 


* See ‘ Variation and Selection,” in forthcoming volume of Ency. Brit. 


; | 
| 
| 
| 
| 
| | 
| 
| 
| 
| 


| of Edinburgh, Session 1885-86. 931 


Jaworowski on “ Chironomus ” (Archives Slaves de Biologie, 1886). 
He finds that by rupture of the ovarian membrane the ova fall into 
the body-cavity, and there develop rapidly to form larve without 
fertilisation. ‘The great abundance of nutritive material replaces 
the effect of fertilisation.” | 

2. My attention has recently been called by Mr H. B. Brady to | 
_ the phenomenon of “Dimorphism” exhibited by certain Fora- 
minifera, and which has been hypothetically interpreted as possibly 
of sexual nature by De la Harpe. An inspection of De la Harpe’s 
figures seems to me to render it clear that this explanation is just 
(the objection of Munier-Chalmas that sex is unknown in Protozoa _ 
notwithstanding). The form named Nummulites Lamarckii, as 
better grown and less modified, with fewer partitions, and a grand — 
loge central, seems to me distinctly the anabolic or female; the 

other, NV. levigata, since smaller and more modified, the male. 

8, Ihave finally to record my obligations for much help, both in 
the discussion and preparation of ‘the present paper, to my friend 
Mr J. Arthur Thomson. 


PRIVATE BUSINESS, 


Mr Robert Kidston, F.G.S., and the Rev. H. G. Bonavia Sent 
Mus.B., &c., were balloted for, —_ declared duly elected Fellows 
of the Society. . 


Monday, 19th July 1886. 
ROBERT GRAY, Esq., Vice-President, in the Chair. 
The following Communications were read :— 


1. On the Colours of Thin Plates. By the Right Hon. 
Lord Rayleigh. | 


2. Ueber algebraische Knoten. Von Dr Franz Meyer 
a. o. Professor in Tiibingen. (Plates XXXI., XXXII.) 


‘Die ersten Untersuchungen von Herrn Tait iiber “ Knoten,” 
zusammengefasst in der grosseren Arbeit,* Phil. Trans. of Edin- 


 * Auf diese beziehen sich die im Texte gemachten Verweisungen. 
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burgh, 1877, veranlassten mich, im Jahre darauf, auch algebraische 
Curven vom fopologischen* Gesichtspunct aus zu studiren und zu 


classificiren (Miinchener Dissertation, in Commission bei Mayer und 


Miiller in Berlin). 

Zunichst boten sich die rationalen ebenen Curven bit und unter 
ihnen wiederum diejenigen vierter und fiinfter Ordnung, welche 
lauter reelle Doppelpuncte mit reellen Zweigen besitzen. Nicht bloss 
die von H. Tait aufgestellten Eintheilungsprincipien der Knoten, 


sondern auch seine Schemata waren dabei fiir mich von Nutzen. 


Seitdem sind die topologischen Untersuchungen von Herrn Tait 
(loc. cit., 1884, 1886), Kirkman (loc. cit., 1884, 1886), und Little 
(Trans. of the Connecticut Academy, 1885) fortgesetzt, indem ebene 
Knoten mit 8, 9, 10 crossings hereingezogen wurden. Von anderer 
Seite her haben namentlich Simony (Mathem. Annalen, von Klein 
u. Mayer, xix., sowie eine fortlaufende Reihe von Publicationen 
in den Wiener Sitzungsberichten) und Koller (Wiener Berichte, 
1885) neue topologische Gesichtspuncte entwickelt. Auch die 
Arbeit von Weith (Ziiricher Dissertation, 1876) brachte einige neue 
Bemerkungen. Endlich hat Brill (Mathem. Annalen, von Klein u. 
Mayer, xviii.) einen topologisch-algebraischen _—* zur Ver- 
schlingung von Raumcurven geliefert. 

Wenn diese Arbeiten auch keiner directen Bezug auf meine 


_ damalige Studie hatten, so zeigen sie doch, wie das Interesse fiir 


dieses Gebiet der Anschauungs-Mathematik seitdem gewachsen ist. 
Sie boten daher die Veranlassung, meine damals mehr auf empir- 
ischem Wege gefundenen Resultate einer sorgfiltigen Neubear- — 
beitung zu unterziehen. Diese lieferte einmal einige Berichtigungen _ 
und nicht unwesentliche Hrganzungen (iiber welche weiter unten), 
vor Allem aber eine strengere, algebraische Begrtindung. 

Im Folgenden erlaube ich mir, einen kurzen Auszug meiner 
Untersuehungen vorzulegen. Um aber die urspriingliche topolo- 
gische Natur derselben nicht zu sehr zu verwischen, habe ich mich 


in den algebraischen Zugaben auf das Nothwendigste beschrankt. 


In §1 findet man eine gedringte Zusammenstellung der topolo- 


— gischen Satze und Methoden, die bei Behandlung algebraischer Knoten 


zu Grunde zu legen sind. Es folgt sofort die Anwendung auf die 
* Dieser Name ist der Arbeit von Listing (Gottinger 


1847) entnommen, 
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rationalen Curven vierrte (§ 2) und fiinfter Ordnung (§ 3). Auf 
diesen Theil beziehen sich die drei Schemata-Tabellen, wie die 
Figurentafeln, welche am Schlusse angehangt sind: nur die letzten | 
Figuren gehéren zu § 4. | 

‘Diese Betrachtungen werden in § 4 umgekehrt, und so eine neue 
algebraische Darstellung der einfachsten Tait, schen Knoten ge- 
wonnen. 

Der zweite Abschnitt bringt die algebraischen Hiilfsmittel behiafs | 
Erbringung der Beweise fiir die Haistenz der vorher aufgestellten 
Typen. Dies geschieht einmal mit Hiilfe von qguadratischen Trans- 
formationen (§ 5). Zweitens aber—und dies ist der Weg, auf dem 
die gezeichneten Curventypen erhalten worden sind—unter Anwend- 
ung eines einfachen Deformationsprocesses, welcher lehrt, wie man 
von zerfallenden rationalen Curven zu eigentlichen in continuirlicher — 
Weise gelangt. Diese Deformationen lassen sich, gerade fiir den 
Fall der Curven vierter und fiinfter Ordnung, wiederum auf quad- 

ratische Transformationen (§ 6) stiitzen, in allgemeinerer und 
_ durchsichtigerer Art jedoch auf ein Projectiunsverfahren (§ 7). 
Die Combination beider Methoden liefert in § 8 eine dritte, welche 
zu den Resultaten des § 4 fiihrt. | | 
Zum Schluss werden gewisse algebraische Relationen entwickelt, 
welche den inneren Grund dafiir enthalten, dass bei den rationalen 


‘Curven Jiinfter Ordnung eine ziemliche Anzahl von Typen nicht 
existiren kénnen. 


ALGEBRAISCH-TOPOLOGISCHE KNorTEN. 
§ 1. Die Schemata algebraischer Knoten. 

Wir recapituliren in Kiirze* die Modificationen, welche die 
von H. Tait im Jahre 1877 iiber ebene “topologische” Knoten 
entwickelten Begriffe und Sitze zu erfahren haben, wenn ihre Ueber- 
tragung auf algebraische Curven stattfinden soll. 

Es liege ein ebener, geschlossener Curvenzug C vor, der auch 
mehrmals durch’s Unendliche laufen darf, mit den Knotenpuncten 
A, B, C.... . Diese werden beim Durchlaufen von C in einer 
gewissen Folge passirt, etwa:— 

ACBACBD... 
die das ” von C heissen soll. 


* Ausfiihrlicheres findet man in meiner Dissertation von 1878. 


; 
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Dabei sollen auch “ Schleifen” von der Form AA (die auch 
durch’s Unendliche gehen kénnen), und iiberhaupt die von H. Tait 
so genannten “ nugatory crossings,” wie BDFEDFEB* gestattet sein. 

Ist C ganz im Endlichen befindlich, so sind nach H. Tait je zwei 
gleiche Buchstaben, wie A, A durch eine gerade Anzahl anderer — 
getrennt. Dann ist es erlaubt, die Bezeichnung so zu wihlen, dass 
an erster Stelle des Schema’s A steht, an dritter B, an fiinfter C, etc. 
und man kann das Schema auf das der geraden Stellen, “ redu- 
ciren.” 


So ist das Schema ACBACB des “ trefoil Knot (loc. pg. 
153) reducibel auf CAB. - | 

Es gilt nun der Satz: “ Lduft die Curve C eine ungerade Anzahl 
von Malen durch’s Unendliche, so ist ihr Stellenschema ein reducibles.” 

Man unterwerfe nemlich die Curve C einer Inversion (2.e., Trans- 
formation durch reciproke Radien), deren Mittelpunct O nicht auf 
der Curve liege. Dadurch geht die Curve C, die (2/+1)-mal 


-durch’s Unendliche gehen moge, iiber in eine Curve C mit (27+ 1) 
fachem Punct in QO, die aber, von letzterem abgesehen, dieselbe 


Folge der Knotenpuncte ‘aufweist, wie C. Variirt man jetzt die 
Curve eo dass sich der (2/+1)-fache Punct O zerspaltet in 


(27+ elisfachs Knotenpuncte, so tragt jeder von den durch 


3 Bry Zweigen nach der Variation eine gerade Anzahl (nemlich 


2 1) von Knotenpuncten. Streicht man daher im Stellenschema 
der endlichen (variirten) Curve C’ diejenigen Buchstaben, welche 
den aus O hervorgegangenen Knotenpuncten none so bleibt 
es ein reducibles (q.¢.d.). 

Liuft dagegen die Curve C eine gerade Anzahl, 2m, von Malen 
durch’s Unendliche, so kann man ihr Stellenschema im Allgemeinen 
erst dadurch zu einem reduciblen machen, dass man es ersetat durch 
das der variirten Curve C’. | 

Fir m=1 tritt auf diese Weise nur ein weiterer Knotenpunct 
in das urspriingliche Schema ein (Dieser Fall tritt in § 2 ein). 

_ Wir wenden das Gesagte auf diejenigen algebraischen Curven an, 
die den geschlossenen topologischen am nachsten stehen, nemlich 
auf die (aus einem recllen Zuge bestehenden) rationalen, ebenen 


*D. h., wo zwischen zwei gleichen Buchstaben, wie B, B, jeder andere 
Buchstabe zweimal auftritt. 


i 
4 
4 
3 
4 
| 
» 
4 
3 
4 
4 
: i 
| 
} 
| 
| 
| 


of Edinburgh, Session 1885-86. 


Curven n‘” Ordnung “R,” mit Jauter reellen, eigentlichen (d. i. 
mit reellen, getrennten Tangenten versehenen) Doppelpuncten 
‘A, B,C,... Jedem einfachen Punct von R, kommt ein, und 
ein Zahlwerth A,* sein “ Argument” zu, das ihn repra- 
sentirt : jedem Doppelpuncte, z.B.A, zwei Argumente A,A,. Trigt 
man diese in das Stellenschema von R,, ein, so geht es iiber in eine 
Folge von reellen Zahlwerthen, 

Wir sagen, die Curve R, besitze a unzerstérbare “ Asymptoten,” 
wenn a die M/ tmemalzaht von reellen Schnittpuncten ist, welche R,, 
im Schnitte mit einer Geraden aufweisen kann. 

Dann kann man sie nemlich stets in eine solche zweite Curve RF’, 


‘mit gleichem Stellenschema projiciren, so, R’,, nur a-mal durch’s 


Unendliche geht. 


Ist a ungerade, so ist das Stellenschema von R,, ein reducibles ; ; 


ist aber a gerade, so substituiren wir das reducible Stellenschema der 
nach obiger Methode invertirten und variirten Curve. 

In beiden Fallen setzen wir das Schema in der reducirten Form 
voraus. Treten K Knotenpuncte im reducirten Schema auf, so kann 
dasselbe in 4 K Formen (von denen auch verschiedene identisch 
sein kénnen) gebracht werden. Denn es kann das Zeichen A suce. 
jedem Doppelpuncte beigelegt werden, und von jedem kann man 
in vier verschiedenen Richtungen lings der Curve fortgehen. Da 
diese 4 K Formen nur aeusserlich verschieden seln | konnen, so setzen 
wir fest : 

“Zwei R,, sollen zu desestben ‘ Stellentypus’ gehoren, wenn ihre 
reducirten Schemata demselben Systeme von 4 K Formen ange- 
horen.” | | | 

Die Untersuchungen von H. Tait zeigen, dass die weit iiber- 
wiegende Mehrzahl von Schemata nicht durch wirkliche ebene 
Knoten realisirt werden konnen. Entsprechendes gilt fiir die R,,: 
hier ist aber der Grund dieser Thatsache unmittelbar ersichtlich. 


(n- 


Denn zwischen den a Argumentenpaaren der Doppel 


* Kin solches ‘“‘ Argument” a kann auch fiir jeden Punct eines topologischen, 
endlichen (oder auch unendlichen) Knotens construirt werden. Ist nemlich 
Z die Linge der Curve, s der von einem festen Ausgangspunct lings ihrer 
gemessene Bogen, so spielt jede eindeutige, einfach-periodische Function von s 
(mit der Periode 7) genau die Rolle von A. Einen unendlichen Knoten invertirt 
man zuvor in einen endlichen. 
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puncte einer R,, herrschen gewisse algebraische Relationen : jede 
Folge der Argumentenpaare, die diesen Relationen geniigt, ist realt- 
sirbar und umgekehri. 
~ Neben dem Stellenschema hat H. Tait noch ein “ Felderschema ” 
aufgestellt. Durch eine geschlossene, endliche, ebene Curve wird 
die Ebene in eine Anzahl von Feldern eingetheilt, deren Ecken von 
den Knotenpuncten gebildet. werden. Ueberschreitet man den 
Contour der Curve in einem einfachen Puncte, so gelangt man 
von einem positiven Feld in ein negatives u. umg. : 

Das “ Felderschema” giebt an, wieviel Ecken jedem der positiven 


resp. negativen Felder zukommen. So z B. fiir den “trefoil 
knot ”:— | 


Unter dem “ Felderschema einer R,,” soll dasjenige der invertirten 
(aber nicht weiter variirten) Curve verstanden werden. Es tritt 
im Folgenden nur in zweiter Linie, und als Erganzung auf. Wir 
gehen jetzt iiber zur speciellen Behandlung der einiachsten Falle 


n= 4 und 5. 


R, hat drei (a, (¢=1, 2, 3), Die 6 
mente a;, 8; sind ganz willkiirlich (cf § 9). Man erhalt 5 Typen 
(cf. die Schemata der Tabelle III. und die Figuren, Blatt I.), die sich 
bereits bei H. Brill* befinden. Jedem Stellenschema gehirt nur ein 
Felderschema zu, und umgekehrt. Die reducirten Schemata der 
beiden Typen (4) und (5) mit zwei Asymptoten sind :— 
(4) A D B.C 
(5) C D A B 
wo in (4) D den, die beiden unendlich fernen Puncte der Curve 
reprasentirenden, Doppelpunct angiebt, wihrend dies in (5) jeder 
der 4 Buchstaben leistet. Umgekehrt zeigt man leicht, dass alle 


aus 4 Buchstaben herstellbaren reducirten Schemata (die auch 
‘Schleifen aufweisen konnen), w wenn sie R, darstellen nen, nur zu 


(4) und (5) fiihren. 
Fiir die Aufstellung der Typen der R, (cf. § 3) ist es unbedingt 


erforderlich, sich von der Haistenz und Lage der reellen Wendepuncte 
bei den R, Rechenschaft zu geben. | 


* Mathem. Annalen, von Klein & Mayer, XII. 
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Nach der von H. Klein * aufgestellten allgemeinen Formel besitzt 
die R, entweder zwei reelle Wendepuncte, oder keinen (und dann 
eine isolirte Doppeltangente). 


Mittelst der im zweiten Abschnitt entwickelten algebraischen. 


Methoden lisst zich zeigen, in welchen Fallen zwei reelle Wende- 


puncte auftreten kénnen, und auf welchen Zweigen der R, sie sich 
dann befinden. 


So z. B. kann der eine der beiden Wendepuncte im Typus (3) 


auf einer Schleife liegen, oder auf einem der tibrigen (passend | 


gewihlten) Verbindungszweige. 

Dadurch wird es méglich atte Lagen einer Geraden, die vier reelle 
Schnittpuncte mit der R, gemewn haben soll, einer R, gegeniiber zu 
bestimmen d.h. man kann GENAU angeben, welche Zweige der R,, und 
wie oft jeder einzelne, von einer Geraden getroffen werden kénnen. 

Nur dadurch gelingt es, alle Typen der R, mit Hiilfe des (unten 
erdrterten) Auflésungsprocesses aus den R, herzuleiten. 


§ 3. Die Typen der R, (cf. die Figuren auf Blatt L, 11), - 


Eine R, hat eine oder drei Asymptoten. In beiden Fallen sind die 


Stellenschemata der sechs Doppelpuncte von vorn herein reducirte. 
Man hat daher alle reducirten Schemata fiir sechs Buchstaben 


aufzustellen, und nachzuweisen, welche von ihnen realisirbar, und 


welche es nicht sind. Das Letztere wird éfters eintreten, da (cf. § 9) 
zwischen den sechs Argumentenpaaren der — drei 
Relationen herrschen. 

Die Zahl der Schemata ohne Schleifen (cf. Tabelle II.) ist 80, wie 
auch H. Tait angiebt. Diese ziehen sich aber auf nur 9 wirklich 
verschiedene zusainmen (die in der Tabelle durch einen Stern markirt 
sind). Von diesen sind 4 die Schemata der von H. Tait auf- 
gestellten endlichen Curven, nemlich No. 121, 130, 133, 135. Diese 
fiihren zu R, mit einer Asymptote, wihrend aus vier weiteren, 
nemlich No, 122, 128, 140, 149 R, mit drei Asymptoten hervor- 
gehen. 


Nur ein einziges Schema No. 127 ist nicht realisirbar : dieses ist 


in der That nicht einmal als endliche Curve, die noch ausserdem 
einen dreifachen Punct besitzt, zu construiren. 


Die Zahl der Schemata mit Schleifen betragt in erster Aufstel- | 


* Mathematische Annalen von Klein & Mayer, X. pg. 200. 
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lung 5 !=120 (cf. Tabelle I.), da man einer Schleife stets die Bezeich- 
nung AA beilegen kann. 

- Diese ziehen sich auf 44 wirklich verschiedene zusammen. Von 
diesen sind 25* realisirbar, davon 3 durch R, mit drei Asymptoten. 
In der That sind die letzteren, No. 65, 69, 116 tiberhaupt nicht 
realisirbar durch endliche Knoten. 

Kein realisirbares Schema (von den 33, die es thun) fihrt 
gleichzeitig zu einer R, mit EINER und DREL Asymptoten. 

(Dies gilt nicht mehr fiir R,, wo m>5). 

Die 33 Stellentypen der R, besitzen auch 33 verschiedene Felder: - 
schemata (die in dieser kurzen Mittheilung unterdriickt sind). 
Umgekehrt aber kommt es hiufig vor, dass einem einzigen Stellen- 
typus mehrere Felderschemata zugehéren. 

So z. B. kann der Stellentypus No. 12 (26) f durch dret ver- 
schiedene Felderschemata reprasentirt werden (cf. Blatt IL.). 


§ 4. Algebratsche Darstellung topologischer Knoten. 


Im Vorhergehenden haben wir algebraische Knoten auf topo- 
logische (endliche) Knoten zuriickgefiihrt : jetzt soll das Umgekehrte 


. geschehen. Wir konnen nemlich nach solchen endlichen alge- 


braischen Knoten fragen, welche die gleiche Verschlingung auf- 
weisen, wie ein gegebener topologischer (endlicher) Knoten. Diese 
Aufgabe ist fiir die (von H. Tait aufgestellten) Knoten mit 3, 4, 5, 


6, 7 Knotenpuncten mit Hiilfe des weiter unten geschilderten 


Auflosungsprocesses unschwer ldsbar. 

Und zwar sind jene Knoten (die mit T,, T,, T;, T,, T, { bezeichnet 
seien)sdimmllich Nocu als endliche R, (die T, noch als R,) darstellbar, 
wobei natiirlich die letzteren ausser dem reellen Curvenzug noch eine 
Anzahl isolirter resp. imaginirer Doppelpuncte besitzen. Die 
Figuren (auf Blatt IL) zeigen jene Knoten gerade in der Gestalt, 
wie sie aus einer, in eine R, und einen Kegelschnitt R, zerfallenden 


* Diese sind gleichfalls (in Tabelle I.) durch einen Stern ausgezeichnet. 

+ Die 33 Typen der R, sind doppelt numerirt, einmal nach der Zahl, die sie 
in-den Tabellen I. II. angiebt, sodann in Tabelle III. in natiirlichen Reihen- 
folge, durch in Klammern eingescnlossene Zahlen. Von diesen Typen waren 
No. 23, 29, 60, 65 in meiner Dissertation noch nicht enthalten. | 

+ Die T, (das “ trifolium ”) findet sich unter den R, als (2): die T,, T, sind 
nach der Reihenfolge, in der sie bei H. Tait auftreten, mit rémischen Index- 
ziffern versehen: endlich sind die den T, beigegebenen Ziffern genau die von 
H. Tait selbst gewahlten. 


| 
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Curve durch eine einfache Variation (bei der einer der reellen 

Schnittpuncte von R, und R, verschwindet) als R, hervorgehen. 
Damit ist auch, wie der zweite Abschnitt lehrt, eine Darstellung 

jener Knoten durch Gleichungen ermiglicht, 


II. ALGEBRAISCHE HULFSMITTEL. 


D. Beweis fiir Existenz der Typen der R, und R, mitielst quad- . 

ratischer Transformation. — 

Ks eriibrigt noch, fiir die Richtigkeit der in I aufgestellten alge- 
braischen Knoten, sowie des in den Figuren vorgenommenen De- 
formationsprocesses die strengen algebraischen Beweise nachzuholen. 

Die 5 Typen der R, bediirfen, wie schon in § 2 bemerkt, keines 
weiteren Existenzbeweises (soweit nur auf ihre Verschling- 
ung ankommt); will man sich jedoch von ihrer Entstehung 
genauere Rechenschaft geben, so unterwerfe man die Puncte in der 
Ebene der R, einer quadratischen, involutorischen Verwandschaft * 
T,, deren drei Fundamentalpuncte in die Doppelpuncte der R, fallen. 
Dann geht die R, iiber in eine R, dh. einen Kegelschnitt, und 
-umgekehrt erhalt man vermége passender T, aus einer beliebigen 
R, z. B. einem Kreise, ohne Weiteres alle Typen der R,. 

Gehen wir zu den Typen der R, iiber, so handelt es sich um 
zweierlei, einmal um die Evxistenz der aufgestellten 33 Typen, 
-andererseits um die der 20 noch verbleibenden 
Stellenschemata (cf § 3). Beides ist mittelst der Transformationen 
T, ausfiihrbar. 

Nimmt man nemlich drei Doppelpuncte der R, zu Fundamental- 
puncten einer T,, so transformirt sich die R, in eine R,, von der 
diese drei Puncte einfache Puncte sind. Umgekehrt lassen sich fiir 
_ jeden der 33 Typen der R, R, mit drer auf thr gelegenen Fundamental- 
puncten einer T, so wahlen dass die R,in die verlangte h,, tibergeht. 

(§ 6 weist nach, wie dies am einfachsten ausfiihrbar ist.) 
-Versucht man nunmehr dasselbe Verfahren fiir die 20 restirenden 


-Schemata, so erweist sich jedesmal die Ausfiihrung als unmiglich. So. 
z. B. zeigt die Figur der R, mit dem Schema: ABE (Blatt IL) 


* Diese ist z. B. ausfiihrlich behandelt in Salmon’s Higher plane curves. Am 
einfachsten wird sie reprisentirt durch die Verwandtschaft zwischen den 
beiden Brennpuncten der einem Dreiecke einbeschriebenen Kegelschnitte. Die 
Ecken des Dreiecks sind die Fundamentalpuncte der Verwandtschaft. _ 
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unmittelbar, wie eine T, gar nicht existiren kann, die die R, in 
die R, mit dem Schema: ABFCED (No(20)) iiberfiihre. Die 
entsprechende Durchfiihrung fiir die 19 weiteren Schemata unter- 
bleibe hier : sie stiitzt sich auf die genaue (in § 3 erdrterte) Kenntniss 


aller moglichen Lagen einer Geraden zu einer R,,. 


Die Methode dieses § geniigt so zwar vollig dem Zwecke der 
Auffindung aller Typen der R,: behufs einer wirklichen Anschauung 
derselben ist sie indessen viel zu zeitraubend. Wir bedienen uns 


‘daher eines andern Processes, der auch sonst in der Lehre von den 


Gestalten algebraischer Curven eine Rolle spielt, nemlich des stetigen 


Ueberganges zerfallender Curven in nicht-zerfallende, oder des sog. 
Aufldsungsprocesses.” 


§ 6. Der Auflisungsprocess mit Hiilfe quadratischer Trans- 
fSormationen. | 
Sei wieder das Fundamentaldreieck einer T, einer R, einbe- 


' schrieben, <A sei einer der Eckpuncte, a die gegeniiberliegende 


Seite, die noch die reellen Puncte A,, A, aus der R, ausschneide. - 

Jetzt bewege sich A auf der R,, bis er mit einem Doppelpuncte 
der R, zusammenfiallt. In diesem Augenblick zerfallt die (sich 
mit A bewegende) R, in eine R’, und die Gerade a. — 

Verlassen wir umgekehrt den Doppelpunct, indem der Punct A 
lings eines der vier vom Doppelpuncte auslaufenden Zweige fort- 
schreitet, so vereinigt sich die R’, mit der Geraden a zu einer R,, 
und zwar “lést sich,” jenen vier Richtungen entsprechend, ent 
weder der Punct A,, oder der Punct A,, je in einem der beiden . 


modglichen Sinne, “ auf.” 


Soll sich daher eine gegebene R 4 mit einer Geraden R, so zu einer 
R,, vereinigen, dass sich ein bestimmter der vier reellen Schnittpuncte 


— von R, und R, auflost, so verfahre man, wie folgt: 


“Man nehme zwei der weiteren Schnittpuncte von R, und R, nebst 
einem Doppelpuncte A der R, zu Fundamentalpuncten einer T,. 
Vermoge der T, geht die R, tiber in eine R’, mit Doppelpunct in A. 
Variirt man nunmehr die T, dadurch in eine T’,, dass an die Stelle 
des Fundamentalpunctes A ein in passender Richtung auf R’, 
benachbarter Punct A’ tritt, so verwandelt sich die R’, vermoge T’, 
in eine R,, die die vorgegebenen Redingungen erfillt.” _ 


* Diese beiden Sinne der Auflésung erhellen unmittelbar aus der Anschauung 
einer, aus einem Geradenpaar hervorgehenden Hyperbel. 
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Auf diese Weise haben sich die Figuren fiir die Typen der R, 
sammtlich ergeben: in der Nahe des we Punctes sind die 
R, und R, 

Man hatte den Punct A’ noch um eine endliche Strecke auf der 
R’, vorwarts bewegen konnen, ohne dass die successive so 
entstehenden R, ihre Verschlingung geindert hatten. Man ersieht 
daraus, wie sich der in § 5 geschilderte Uebergang einer R, in eine 
R, in mannigfaltigster Weise bewerkstelligen lasst. 

Es kann sich freilich ereignen, dass, wie z. B. Figur a auf Blatt 
I. lehrt, von den drei Fundamental puncten der T, keiner lings der 
R, in die Lage eines Doppelpunctes riicken kann, ohne dass nicht 
-inzwischen die R, ihren Typus gewechselt hatte. Dagegen zeigt Figur 

B ebenda, wie man diesen Missstand (stets) vermeiden kann. 

Ganz ebenso lassen sich die Typen der R, durch Auflésung aus | 
der R, gewinnen: dies erweist sich zugleich thatsichlich als 
der einfachste Weg, um iiber die in § 2 besprochenen Lagen der 
beiden reellen zu erhalten. 


§ 7. Der Auflingaprocess m mit Hiilfe der Projection. 


Der im vorigen g vorgenommene Process der Aufiésung einer 
R,, und R, hort auf, anwendbar zu sein, sobald n>4. Wir theilen 
daher noch ein anderes Verfahren mit, das allgemein fiir ebene 
(auch raumliche) R,, brauchbar ist. 

Man kann nemlich eine gegebene R,, auf die. mannigfaltigste Art 
als Projection einer rationalen Raumcurve C,,, (n+ 1** Ordnung) 
von einem ihrer Puncte P aus, erscheinen lassen. 

In der That, wenn die R,, dargestellt ist durch die Gleichungen, 


| wo die x Puncteoordinaten, und die f ganze Functionen n‘” Grades 


von X bedeuten, so liefert, wenn ¢ (A) eine ebensolche Function vom 
Grade n +1 ist, das Gleichungssystem (bei beliebigem, reellem a) : 
(2) ay tag - a), 3(A(A — a) : f(A), | 
~ immer eine C,4. von der gewiinschten Art. Dabei ist P der Raum- 
punct 7,=0, %,=0,%,=0. Ist ¢ die Tangente in P, und. P’ ein, zu 
P benachbarter, nicht auf C,,, gelegener Punct, und projicirt man 
jetzt die C,,, von P’ aus auf die Ebene a,=0 d.t. die Ebene der R,, 
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so gelangt man zu einer R,,,,, die durch Auflésuug des Punctes \=a 
aus der R,, und derjenigen Geraden hervorgeht, welche von der durch 
¢ und P” gelegten Ebene aus der Ebene der R,, ausgeschnitten wird. 
- Dies ist geometrisch evident. Daraus folgt umgekehrt die Regel: — 
“Soll eine R, und eine R, durch Auflésung eines ihrer reellen. 
Schnittpuncte A continuirlich in eine R,,,, iibergehen, so fasse man 
die R, auf als Projection einer riumlichen C,,,,, von einem ihrer 
Puncte, P, aus. Deren Tangente ¢ in P geht nothwendig durch A. 
Ist dann Q ein beliebiger Punct auf R,, und schreitet man von P 
aus in einer der beiden Richtungen PQ um ein beliebig kleines 
Stiick zu einem Puncte P’, so ist die Projection der C,,, von P’ 
aus eine R,,, der gewiinschten Art, die zudem noch die Gerade 
R, im Puncte Q beriihrt.” 

Wir unterlassen die genauere algebraische Verfolgung dieses Pro- 
jectionsprocesses, und gehen sogleich iiber zu der in § 4 beniitzten 
Vereinigung einer R, und R, zu einer R,,., wiederum mittelst 
Auflésung einer ihrer reellen Schnittpuncte. 


§ 8. Die Deformation einer R, +R, in eine Rain 

A sei der reelle Schnittpunct beider Curven, in dem die Auflésung 
vor sich gehen soll. Wir greifen noch drei weitere reelle * Schnitt- 
puncte der R,, und R, heraus, A, A, Az Dann geht vermége einer 
quadratischen Transformation T, mit den Fundamentalpuncten 
A, A, Az, die R,, iiber in eine R.,-3 mit (n — 2) fachen Puncten in 
A,, Ay, A; ; die R, dagegen in eine durch den Punct A laufende R,. 
_ _Lést man jetzt nach der Regel des § 7 den Punct A auf, so dass 

aus dem Aggregat R.,_, & R, eine R.,. hervorgeht, so besitzt diese 
gleichfalls drei (n—2) fache Puncte in der Nahe der friiheren, wir 
wollen sagen, in A’,, A’,, A’. | 

Dann verwandelt sich vermége einer neuen Transformation T’, 
mit den Fundamentalpuncten in A’,, A’,, A’, die R,,,_. in eine eigent- 
liche R,,,., die, wie verlangt wurde, der R,,+ R, benachbart ist. 

‘Wir bemerken am Schlusse dieser Betrachtungen nur noch kurz, 
dass man ganz allgemein algebraische Processe angeben kann, die 
das Aggregat aus einer R, und R,, continuirlich in eine R ,,, iiber- 
fiihren, sobald nur einer der Schnittpuncte von R und R, reell ist.+ 


* Von diesen kénnten auch zwei conjugirt imaginir sein. 
+ Dabei zeigt sich vor Allem—und dies gilt natiirlich im Besondern von 
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Um aber den Character dieser Mittheilung als einer topologisch 
algebraischen zu wahren, sei es nur noch gestattet, einen Blick auf 
die in § 3 erwahnten Relationen zwischen den Doppelpuncts- 
argumenten einer R, zu werfen. 


Die Relationen zwischen den einer 


‘Wir bezeichnen die zwolf Argumente mit (a,, B;), (a’, :) =1, 2, 3). 
Wie in § 6, fiihren wir die R, vermige einer Transformation Ty 
mit den Fundamentalpuncten in den drei ersteren Doppelpuncten, 
iiber in eine R,, die darstellbar sein muss durch die Gleichungen : 


(1) pys= (A ax)(A— Be)(A Bi) = FA), & 1, 2, 
wo p ein Proportionalititsfactor, und die y; lineare homogene 
Functionen der Coordinaten sind. 

Die drei (a, repraesentiren jetzt irgend drei Punctepaare der 
R, die allein der Forderung zu geniigen haben, auf den Seiten irgend 
eines, der R, einbeschriebenen Dretecks zu liegen. Die Anzahl der 
gesuchten Relationen ist demnach drei. oe 
Seien a, a, die Argumente der Eckpuncte des Dreiecks, 
so hangen Oy Oy, ab von der ee Gleichung : 


wo die beiden verticalen Striche eine dreireihige Determinante 
bedeuten. Ist Ry die Resultante von G; und G;, so sind die oben 
aufgestellten Bedingungen erfiillt durch die drei Gleichungen : 


(3) Riz = 0 (1,k = 1, 2, 3). 


Es ist aber leicht nachweisbar, dass die R,, noch einen, der Frage 
fremden Factor enthalten. So ergiebt sich : 


(4) Ra= AR‘a, 
wo A =O gesetzt, bedeutet, dass die R, einen dreifachen Punct 
erhilt, Unsere gesuchten drei Relationen lauten daher in der 
einfachsten Form :— | | | 
(5) Rx = 0, 


den im Texte beniitzten Deformationen der R,+R,, und R,+R,—dass man 
deutlich iibersieht welche von den beim Uebergang von den zerfallenden 
Curve in die eigentliche neu auftretenden Singularitaten reell sind. 
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I, Tafel* der 120 Stellenschemata fiir 6 Doppelpuncte, 
inel. Schleifen. 


(1) 

(2) 

(2)= (8) 
(4) 

(5) 

(6) 

(2)= (7) 
(8) 
(4)= (9) 
(4) =(10) 
(11) 
(12)* 
(5)=(13) 
(11)=(14) 
(6) =(15) 
(12) =(16) 
(17) 
(18)* 

(19) 

(20) 
(20)=(21) 
(23)* 
 (2)=(25) 
| (26) 
(8)=(27) 
(12) = (28) 
(29)* 
(30)* 
(4)=(81) 
(12) =(382) | 
(4)=(88) 
(2)=(34) 
(11) = (35) 
(8) = (36) 
(11) =(87) 
(12) =(39) 
(26) =(40) 


A fortgelassen. 


BCDEF 
BCDFE 
BCEDF 
BCEFD 
BCFDE 
BCFED 
BDCEF 


BDCFE 


BDECF 
BDEFC 
BDFCE 
BDFEC 
BECDF 
BECFD 
BEDCF 
BEDFC 
BEFCD 
BEFDC 
BFCDE 
BFCED 
BFDCE 
BFDEC 
BFECD 
BFEDC 
CBDEF 


CBDFE 


CBEDF 
CBEFD 


CBFDE | 


CBFED 
CDBEF 
CDBFE 
CDEBF 
CDEFB 
CDFBE 
CDFEB 
CEBDF 
CEBFD 
CEDBF 
CEDFB 


(41)* 
(29) = (42) 
(41) = (43) 
(44)* 
(38) =(45) 
(12) =(46) 
(44)=(47) 
(30) =(48) 
(5) =(49) 
(29) = (50) 
(11) =(51) 
(11) =(52) 
(53) 
(54)" 


(6)=(55) 
(30) = (56) 
(12) =(57) 


(8) =(58) 
(54)=(59) 
(60)* 
(17)=(61) 
(41) = (62) 
(18) =(63) 


(29) = (64) 


(65)* 
(66)* 
(67)* 
(68) 
(69)* 
(54) =(70) 
(71)* 
(72)* 
(19) =(73) 
(41)=(74) 
(20) =(75) 
(38) = (76) 
(67)=(77) 
(69) =(78) 
(20) =(79) 
(44) =(80) 


Im Uebrigen vgl. § 3. 


CEFBD 
CEFDB 
CFBDE 
CFBED 
CFDBE 
CFDEB 
CFEBD 


CFEDB 


DBCEF 
DBCFE 
DBECF 
DBEFC 
DBFCE 
DBFEC 
DCBEF 
DCBFE 
DCEBF 
DCEFB 


DCFBE 


DCFEB 
DEBCF 
DEBFC 
DECBF 
DECFB 
DEFBC 


DEFCB 


DFBCE 
DFBEC 


DFCBE 


DFCEB 
DFEBC 
DFECB 
EBCDF 
EBCFD 
EBDCF 
EBDFC 
EBFCD 
EBFDC 
ECBDF 
ECBFD 


(22)= (81) 


(12)= 
(68) = 
(54)= (84) 
(23)= (85) 
(44)= (86) 
(24)= (87) 


(82) 
(83) 


(80)= (88) 
(89) 


(72)= (90) 


(91)* 
(92)* 


(92)= (93) 


ECDBF 
ECDFB 
ECFBD 
ECFDB 
EDBCF 
EDBFC 
EDCBF 
EDCFB 
EDFBC 
EDFCB 
EFBCD 
EFBDC 
EFCBD 


(94)* EFCDB 


(95) 


(96)* 


(97) 

(98) 

(99) 

(20) =(100) 
(71)=(101) 
(72) =(102) 
(98) = (108) 
(104) 
(20) = (105) 
(6)=(106) 
(44) =(107) 
(30) = (108) 
(71) =(109) 


(44)=(110) 


(72)=(111) 
(30) =(112) 
(23) = (113) 
(24) =(114) 


EFDBC 
EFDCB 
FBCDE 
FBCED 
FBDCE 
FBDEC 
FBECD 
FBEDC 


FCBDE 


FCBED 
FCDBE 
FCDEB 
FCEBD 
FCEDB 
FDBCE 
FDBEC 
FDCBE 
FDCEB 
FDEBC 
FDECB 


{115)* FEBCD 
(116)* FEBDC 


(116)=(117) FECBD 


(118)* FECDB 


(96) = (119) 


FEDBC 


(120)* FEDCB 
* Aus Raumersparniss ist bei diesen 120 Schemata iiberall der erste Buchstabe 


Im Texte siud die 200 Schemata in Tafel I. und II. ohne Klammern citirt, 
zum Unterschiede von der Klammerbezeiohnung der Tafel III. 
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IL. Tafel der 80 Stellenschematu fiir 6 Doppelpuncte, 
excl, Schletfen. 


(121)* CABFDE 


(122)* CAEFBD 


(121) = (123) 
(122) = (124) 
(122) = (125) 
(121) =(126) 

(127) 


(128)* 


(122) = (129) 


(130)* 


(122) =(181) 
(122) = (132) 


(133)* 


(128) =(134) 


(135)* 


(128) =(136) 
(122) =(137) 
(135) = (138) 
(122) = (139) 


(140)* 


(122) =(141) 
(128) =(142) 
(122) =(143) 
(135) =(144) 
(140) =(145) 
(183) = (146) 
(135) =(147) 
(128) = (148) 


(149)* 


(188) =(150) 
(138) =(151) 
(128) =(152) 
(133) =(153) 
(185) =(154) 
(180) = (155) 
(122) = (158) 
(183) =(157) 
(180) =(158) 
(135) =(159) 
(122) =(160) 


VOL. XIII. 


CAEFDB 
CAFBDE 
CDAFBE 
CDBFAE 
CDEFAB 
CDFABE 
CDFBAE 
CEAFBD 
CEAFDB 
CEBFAD 
CEFABD 
CEFADB 
CEFBAD 
CFABDE 
CFBADE 


CFEABD 


CFEBAD 
DABFCE 


~DAEFBC 


DAEFCB 


DAFBCE 


DAFCBE 
DEAFBC 
DEAFCB 
DEBFAC 
DEFABC 
DEFACB 
DEFBAC 
DEFCAB 
DFABCE 
DFACBE 
DFBACE 
DFBCAE 
DFEABC 


‘DFEACB 


DFEBAC 
DFECAL 


(128) =(161) 


(122) = (162) 
(138) =(163) 
(180) =(164) 
(135) =(165) 
(122) = (166) 


(135) =(167) 


(140) =(168) 
(122) =(169) 
(183) =(170) 
(135) = (171) 
(180) =(172) 
(122) = (173) 
(149) =(174) 
(133) =(175) 
(133) =(176) 
(128) =(177) 
(133) =(178) 
(135) =(179) 
(128) =(180) 


(127) =(181) 


(128) =(182) 
(122) =(183) 
(122) = (184) 
(121) =(185) 
(128) = (186) 
(122) = (187) 
(122) = (188) 


(121)=(189) 
(128) =(190) 


(122) =(191) 
(122) =(192) 
(121) =(1938) 
(138) =(194) 
(135) =(195) 
(130) =(196) 
(122) =(197) 
(135) =(198) 
(140) =(199) 
(122) = (200) 


EABFCD 
EABFDC_ 
EAFBCD 
EAFBDC 


-EAFCBD 


EAFCDB 
EDAFBC 
EDAFCB 
EDBFAC 
EDFABC 
EDFACB 
EDFBAC 
EDFCAB 
EFABCD 
EFABDC 


EFACBD | 


EFACDB 
EFBACD 
EFBADC 
EFBCAD 
FABCDE 
FAEBCD 
FAEBDC 
FAECBD 
FAECDB 
FDABCE 
FDACBE 
FDBACE 
FDBCAE 


FDEABC 


FDEACB 
FDEBAC. 
FDECAB 
FEABCD 
FEABDC 
FEACBD 


FEACDB 


FEBACD 
FEBADC 
FEBCAD 
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I. 5 Scuemata DER R;,: 
(a) mit keiner Asymptote. 


AABBCC (1) 
ACBACB (2) 
AABCCB (3) 


| 


| 
| 
| 
| 


Ill. Haupt-Tafel fir die Stellenschemata der R, und R,. 


(b) mit zwei Asymptoten. 


AABCBC (4) 
ABCACB (5) 


33 SCHEMATA™ DER R;. 


(a) 26 mit einer Asymptote. 
Zwei Schleifen. 


Keine Schleife. 
133, CEFABD (1) 
130. CEAFBD 


121. CABFDE (4) 


Kine Schleife. 
91, AEFBCD (5) 
92. AEFBDC (6) 
115. AFEBCD (7) 
67. ADFBCE (8) 
94. AEFCDB (9) 
66. ADEFCB (10) 
118, AFECDB (11) 


Vier Schleifen. 
12. ABDFEC (26) 


(2). 
135. CEFBAD (3) 


| 


120. 


60. 


18. 
29. 
41. 
54. 
il. 
72. 
96. 


ABEFDC (12) 
ACBFDE (13) 
ACEFBD (14) 
ADBFEC (15) 
ADFEBC (16) 
ADFECB (17) 


AFEDCB (19) 


Drei Schleifen. 


ABFECD (20) 
ABFEDC (21) 
ACBFED (22) 
ACEBFD (23) 
ACFBED (24) 


23. 


30). 
38. 
44, 


(0) 7 mit drei Asymptoten. 


Keine Schleife. 


149, DEFABC (27) 
140. CFEBAD (28) 
128, CDFABE (29) 
122, CAEFBD (30) 


| 


Eine Schleife. 
116. AFECBD (31) 
69. ADFCBE (32) 
65. ADEFBC (33) 


* Diese sind simmtlich in ‘‘ reducirter” Form angegeben (c/. § 
diiejenigen in Tafel I. & IT. 


AEFDCB (18) 


ADCFEB (25) 


1), wie auch 
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3. On Amagat’s Manométre Pistons libres. 
By Professor Tait. 


4. On the Electrical Properties of Hydrogenised Palladium. 
By Professor Knott. — 


_ 5, Electro-Chemical Reactions between Metals in fused Salts. 


By Thomas Andrews, F.R. 5. F.C.8., Wortley Iron 
Works, near Shefeld. 


Electro- Chantoal Reactions between Metals in po Salts.—-The 
present communication contains some results of a furthur study of 
electrical reactions at high temperatures in fused salts. 


The interchanges of electro-chemical position between such metals 


as platinum and copper and platinum and iron in fusing salts, 
noticed by the author, led to an investigation as to the effect on 
the metals of varied intensified temperature in different parts of the 
same fusing salt. 
A number of repeated experiments were conducted as follow :-— 
A salt was maintained at its fusing-point in a state of quiet lique- 
faction in a large flat-bottomed platinum crucible, the ends of two 


platinum wires A and B (0-063 inch diam.) cut from the same — 
piece, were immersed in the fusing salt, and the other extremities 


were connected with an astatic galvanometer of known resistance 
and constants. Whilst the salt was in this condition of even fusion 
no current was produced. On increasing the temperature of one 


To Galvanometer 


To Galuanometer 


‘Fig No. 1. 


so of the fusing salt, in some cases where iia by a 
powerful blowpipe blast applied just under the ehd of the platinum 
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wire A, the following reactions were obtained; the platinum wire 
A (in the part of the salt having the highest temperature) , becoming 
metal positive. On reversing the action and increasing the 
temperature in the same way adjacent to the other wire B (fig. No. 
1), the exact reverse result occurred in every experiment, 

When a copper wire was substituted for one of the platinum 
wires, the copper was metal positive during the quiet fusion of th 


_ salt at one even temperature throughout ; but on locally intensifying _ 


the heat as above, under the platinum wire only, that metal at once 
assumed the positive position compared with the copper, and by 
thus varying the conditions of temperature alternate interchanges 
of electro-chemical position between the metals — be produced 


at pleasure in the same fusing salt. 


The results of numerous repeated ————s are summarised in 
table A. 


General Remaris. 


Potassium Carbonate (Table A, Division 1).—This experiment 
was six times repeated, giving same results, and on equalising the 
temperature throughout the fusing salt, alternating currents con- 
tinued for a few moments until thermal equilibrium was again 
restored. | 

Potassium Carbonate (Table A, Divisions 2 and 3).—This experi- 
ment was thrice repeated with same results. The positive position 
of platinum and I. M. F. was maintained steadily for ten minutes, 


or as long as the extra heat was applied under the platinum wire. 


During equalisation of the temperature throughout the fusing salt, 
alternating electro-chemical positions between the metals occurred 
for a short time. | 

Potassium Nitrate (Table A, Division 3),—This experiment was 
six times repeated with the same result each time. On equalising 
the temperature throughout the fusing salt, the metals resumed their 
original positions, copper being positive. | | 

These experiments indicate that, by apportioning the heat applied 
to two dissimilar elements, such as platinum and copper, in the same 
fusing salt, it is possible to produce equipotential in an electrical 
sense between them, and by pursuing this still further, a complete 
abnormal interchange of electro-chemical position is obtainable, 
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amounting not unfrequently to 0:343 of a volt or even greater. 


| pojvodor ut Satsny oy} Jo 


These intensified electro-chemical effects are of an interesting 
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‘character, _ An explanation is doubtless found ‘in the fact that the 
- metallic element whose molecules acquired tle greater activity owing 
to the increased temperature (consequently becoming more liable to — 
attack from oxidation and corrosion), would, under the continuance 
of such circumstances, be likely to remain the positive metal. 
When, however, by the reduction of temperature, its molecular 
rigidity increased, compared with that of the other element, an 
interchange of electro-chemical position might be expected to occur. 
This cause appears sufficient at these high temperatures to produce 
complete interchanges and reversals between metals of such apparent 
general stability as platinum and copper or platinum and iron 

during the continuance of abnormal and unequal thermal conditions. 

The great difference of temperature which obtained in different 
_parts of the same fusing salt would also cause it to act on the metals 
after the manner of two dissimilar solutions. _Thermo-electric and 


inversion effects at these very high temperatures are probably also 
involved in the explanation. | 


6. The Hygrometry of Ben Nevis. By H. N. Dickson. 


The observations tabulated in the present paper were taken at 
Ben Nevis Observatory, chiefly during August 1885. In a note . 
communicated to the Society at the end of last session, a description 
was given of some observations of air-temperatures and humidities 
at Granton Marine Station, and it was stated that the work was to 
be continued at Ben Nevis. At present we confine ourselves to the 
_ hygrometrical work : it is hoped that the results of the temperature 
observations will be communicated to the Society early next session. 

The extreme dryness of the atmosphere which prevails at Ben 
Nevis during anticyclones, makes the Observatory an unusually 
favourable station for such investigations, and it is believed that the 
appended tables afford exceptionally good material for rediscussing 
the whole question of the hygrometry of the atmosphere. | 

The observations here given were for the most part taken during 
an atiticyclone which lasted from 18th to 28th August. They 

include all the regular hourly observations taken during that time, 
except when the air was saturated, besides a large number of extra 
- observations, given at the end of the table of hourlies. Through 
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the kindness of Mr Omond and hie assistant Mr Rankin, I was able 
to make the observations continuous, and also to add a considerable 
number of observations at low temperature, taken during the past 
winter. 
The readings of wet and dry bulb tleinio meters given “were 

taken with the instruments in daily use at the Observatory. These 
thermometers are by Messrs Adie and Wedderburn, and are 
sufficiently delicate for all the purposes of the investigation. The 
diameter of the spherical bulbs was 0°40 inches. The wet bulb was — 
covered with thin muslin, as served out by the Scottish Meteorological 
Society, and every care was taken to ensure its being properly 
moistened. The thermometer screen was an ordinary double-louvred 
Stevenson, open below, and of the usual size. The observed Tead- 
ings have been corrected in accordance with the Kew certificates. 
attached to the instruments, and checked by comparison with the 
readings of one of Aitken’s screens. 

The direct hygrometer used was Professor Chrystal’s, described in 
the note referred to (Proc. R. S. £., vol. xiii. p. 199). After a little 
practice this instrument can be made to give very satisfactory 
results, deposits having been obtained on the silvered surface at 
temperatures as low as 1°°5 F., by using mixtures of salt and snow. | 

The dew-point was in each case taken to be the temperature at — 
_ which a uniform coating of moisture was deposited on the silvered 
‘surface, when its temperature was being reduced. The box con- 
taining the thermometer was first cooled quickly to within a few 
degrees of the point where deposition was expected to take place, 
then its temperature was allowed to fall slowly till moisture began 
to appear and disappear in irregular patches, when the cooling was 
still further checked. Almost immediately after, and at a quite 
definite point, a uniform deposition made its appearance, varying 
slightly at its outer edges ; the reading was then taken. Readings 
taken from the clearing off of the deposit were of course unsatis- 
factory, as the moisture deposited may take some time to evaporate, 
during which the thermometer may rise considerably. 

The deposit appearing and disappearing in patches may have been 
due to the unequal temperature of the mixture in the box of the 
hygrometer, but as this took place even when the temperature was 
allowed to fall with great slowness, I am disposed to think it was 
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caused by incessant small fluctuations of the actual dew-point. If 

the temperature of the hygrometer is kept constant for a time near 
the dew-point, evaporation and condensation take place on the 
surface in quick succession, and the dew-point may vary within a 
_ considerable range in a very short time. This obviously increases 
_ the difficulty of making accurate comparative observations. 

The hygrometer, with it reservoirs, tubes, &c., was mounted on a 
stand about six feet away from the thermometer screen, and the 
thermometers were read immediately after checking the rate of 
cooling of the hygrometer, as described. 

Considerable difficulty was at first experienced i in finding @ suit- 
able method of comparing the observations of dew-points by the 

direct hygrometer with the readings of wet and dry bulbs. After 
several trials, the sellowing graphic method was found to be 
satisfactory. 

Taking rectangular coordinates, temperatures were measured along 
the x axis, and vapour pressures in inches of mercury (taken from 
Regnault’s Tables, as given in “ Glaisher’s Hygrometrical Tables,” 
6th edition, 1876) along the y axis. Each observation with wet and 
dry, and the corresponding hygrometer observation, was then treated 
separately. First a point was taken whose abscissa corresponded | 
to the temperature of the wet bulb and ordinate to the vapour - 
pressure at that temperature. Another point was then taken with 
abscissa corresponding to the temperature of the dry bulb and 
ordinate to the vapour pressure at the temperature of the dew-point, 
as given by the direct hygrometer. These two points were then | 
joined by a straight line. 

Plotting all the observations we get a diagram formed of straight 
lines, and by taking the general trend of these lines we are able to 

' see the relations existing between the wet and dry. bulb readings 
and the dew-point obtained from direct observation. | 

First we note that on the whole the lines near cach other are 
almost parallel, from which it at once appears that with a given 
reading of the wet bulb the excess of the air temperature above that 
of the wet bulb is not proportional to the excess of the temperature 
of the wet bulb over that of the dew-point, but to the vapour 
pressure corresponding to those temperatures. ‘That is to say, given 

the temperatures of the dry and wet bulbs, their difference is pro- 
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portional not to the difference between the temperatures of the wet 
bulb and the dew-point, but to the difference between the vapour 
pressures corresponding to these temperatures. x 

The fact that as a whole the lines near each other in the degeem 
are nearly parallel, whatever their length, justifies their being drawn 
straight lines, and in addition there are at least six cases of observa-. 
tions with the same temperature of wet bulb where the lines exactly 
- coincide, although their length, 2.e., the differences between wet and 

dry, are very different. : 

It is of course to be observed. that a very large number of the 
lines in the diagram are quite irregular in direction. This is 
obviously due to errors of observation, which are necessarily large 
both in the working of the wet and dry, and in the direct hygro- 
meter. On the whole, however, the irregularities are fairly well 

distributed on both sides of the mean direction-of the lines, except 
- in cases where the air was nearly saturated. Under these circum-— 
stances the action of the wet bulb is extremely sluggish, and the 
actual dew-point is below that to be expected from the wet and dry. 
This is further shown by observations taken when, as occasionally 
happens, the wet bulb reads above the dry, as in dry fog. The dry 
bulb thermometer then acts as the more perfect wet bulb, the hygro- 
meter showing that the dew-point temperature is really below that 
of the air. This is of course apart from cases where a sudden 
change of temperature has just taken placé, as the wet bulb covering | 
prevents its adapting itself to changes as rapidly as the other. 
Sometimes the wet bulb thermometer continues to read above the 
dry for a considerable time, but I have invariably found that in 
these cases the so-called dry bulb was being kept wet, either by 
water dripping from the screen, or by driving fog depositing moisture 
on it, the air being all the time slightly dry. 

- Comparing observations extending over a large range of temper- 
ature of wet bulb, we find that the lines in the diagram are not 
really parallel, but that they tend to become slightly steeper as the 
temperature of the wet bulb is lower. From this it appears that the 
factor by which we must multiply the difference of the temperatures . 
of the wet and dry to obtain the difference between the vapour 
pressures at the temperatures of the wet bulb and of the dew-point, 
is not a constant, but tends to increase as the temperature falls. 
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Again, at a wet bulb temperature of 32° F., we find a sudden change 
in direction, the lines becoming much steeper. This change is. 
apparently discontinuous, but as the wet bulb temperature continues 
to fall the slow increase in steepness continues as before. | 

These results lead to the linear equation | 


: where f’ is pressure of vapour at temperature of wet bulb, f” is 


pressure of vapour at temperature of dew-point, ¢ temperature of 
air, ¢’ temperature of wet bulb, and A the factor before referred to, 
whose values are to be determined. ae 
It is certainly premature to attempt to give any definite values of 
k, but by drawing lines in the diagram at those temperatures of wet 


bulb at which any considerable number of observations appear, as 
_ nearly as possible in the mean direction indicated by the obser- 


vations, the following roughly ak aa values have. been 
obtained ; 


Temperature . perature 
of Wet Bulb. K | of Wet Bulb, K 
40° 
38° 
36° 


Until more continuous observations are made these values must not. 
be taken as more than a first approximation. anew 32° they are 
probably too small. 

_ The next step was to compare the dew-points given by the ‘east 
meter with those calculated from the wet and dry bulb thermometer 
readings by the two methods in most common use. Glaisher’s. 
“‘Hygrometrical Tables” (6th edition, 1876) and “ Apjohn’s. 


_ Formula.” For this purpose it was only necessary to fill in the: 
diagram lines calculated by these two methods. 


Glaisher’s tables are constructed from factors obtained chiefly 
from the Greenwich Observatory observations with wet and dry 
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Hourly Observations, 1885. 


Dew Point. Dew Point. 
Dat?. | Dry. Wet. Date. Dry. Wet. 
13 | 47°0 | 16°3 Aug. 20.| 15 | 48°8 43 °7 39°4 
14 | 46°7 | 37°8 19°3 eee 16 | 47°2 | 42°8 38 °0 
16] | 855 | 17 | 46°3 | | 39-0 
16 | 47°0 | 37.4 20°3 78 417 
17 | 47°1 | 39°9 32°9 19 | 43°9 | 41°1 39°3 
18 | 47°0 | 39°l 26°9 20 | 43°0 | 40°0 38 °0) 
19 | 44°9 | 40°2 36°3 21 | 42°0 | 40°0 38'3 
20 | 43°3 | 40°1 37°7 22 | 40°8 | 39°0 37 °3 
21 | 44-1 | 87°71 | 28-4 23 | | 82°3 
| 22 | 45°7 | 35:1 22°5 24 | 40°7 | 35°4 | 29°3 
23 | 47°0 | 34°0 10°3 
24 | 45°3 | 32°3 Aug. 21.; 1 | 41°9 38°5 
2| | 39-0 | 35-0 
Aug. 19.; 45°1 | 32°0 | | 42°1 | 389°1 | 
21 45°1 | 32°0 14°3 4 | 45°0 | 41°0 35°3 
3| 449 | 321 | 88 5 | 45°9 | 420 | 35-4 
4 | 44°9 | 34°0 13°0 6 | 45:0 | 42°0 38°7 
5 | 45°0 | 34°1 sie 7 | 43°6 | 41°3 40°8 
| 6 | 46°0 | 34°3 12°7 8 | 45°0 | 41°7 40°3 
7 | 46°6 | 39°1 28°8 9 | 45°3 | 41°7 40°3 
8147-2 | 402 | 31°99 10 | 46-2 | 42:1 | 40°6 
9 | 48°6 | 41°0 32°4 | 11 | 46°2 | 42°4 39°3 
10 | 49°0 | 41°8 | 34°3 (12°) 47°1 | 43°0 41°3 
11 | 49°9 | 42°4 35°5 13 | 48°0 | 43°2 40°5 
12 | 50°0 | 43°1 36°7 | 14 | 49°1 | 44°5 41°5 
| 13 | 52°6 | 45-2 | 15 | 50°2 | 45:1 | 41-4 
14 | 52°4 | 45°2 38°3 16} 9°9 | 45°5 42°9 
15 | 50°5 | 43°3 35°9 17 | 49°3 | 45°1 41°9 
16 | 50°0 | 43°4 37°5 18 | 47°9 | 44°0 41°6 
17 | 49°0 | 42°1 36°2 | 19 | 46°4 | 43°6 41°2 
18 | 47°7 | 41°1 35°2 20 | 45°4 | 43°1 42°2 
19 | 46°1 | 42°1 |. 39°2 21 | 45°4 | 42°0 39°1 
20 | 45°5 | 42°1 40°0 | 22 | 44°8 | 41°9 38'°9 
21 | 45°2 | 40°9 36°4 23 | 46°2.| 40°0 33°3 
22 | 44°0 | 40°1 37 ‘1 24 | 46°5 "| 40°4 36°] 
23 | 44:0 | 40:0 | 36°3 | 
24 | 43°1 | 39°2 35°4 || Aug. 22.) 1 | 46°4 | 40°2 34°7 
| 21 46:3 | 40°5 | 38-2 
Aug. 20. 1 | 43:8 | | 36-7 | 3 | 45°9 | 41°0 | 35:5 
2! 48°1 | 36°0 26°6 | 4 | 44°0 | 40°6 37°5 
8 | 48°2 | 37:2 29°7 5 | 44°5 | 41°0 37°5 
4 | 42°3 | 36°2 29°4 6 | 45°3 | 40°8 37°3 
5 | 42°5 | 37°8 30-5 7 | 44°8 | 40°6 $7-°7 
6 | 41°3 | 87°1 | 30°9 8 | 44°3 | 40°8 aT 
7 | 43°3 | 38°2 | 81°6 9 | 43°4 | 41°3 39°3 
8 43°3 | 39°2 30°8 10 | 44°1 | 43°0 42°4 
9 | 42°9 | 40°0 37°3 11 | 44°0 | 48°0 | 42°3 
10-| 45°1 | 40°4 | 36°5 12 | 44°9 | 44°5 42°7 
11 | 44°6 | 40°7 37°5 13 | 46°8 | 44°8 43°6 
12 | 45°6 | 41°71 | 386°6 14 | 47°3 | 45°8 45°2 
13 | 47°8 | 42°83 | 38°3 15 | 45°7 | 44°9 44°3 
14 | 46°0 | 42°0 38°2 16 | 45°7 | 45°2 es 
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Dew Point. Dew Point. 
Date. Dry. | Wet. -Date., | 2 Dry. | Wet. 
Aug. 22.1 17 | 46°0 | 44:4 | 44°6 |) Aug. 4 | 36°1 | 35°0 | 30°8 
18 | 45°5 | 44°7 44°3 | | 5 | 33°5 | 33°3 29°3 
19 | 44°8 | 44:0 44°4 6 | 33°8 | 33°4 33°2 
| 20 | 48°4 | 48°3 43°7 7 | 35°0 | 84°3 31°3 
21 | 48°1 | 43°0 42°2 8 | 34°9 | 34°3 33°7 
22 | 43°0 | 42°5 42°5 9 | 35°0 | 35:0 |. 34°6 
1 10 | 36°6 | 35°7 33'3 
24 | 44°8 | 41°9 38°3 11 | 37°2 | 36°3 35°3 
12 | 38°0 | 36°5 34°2 
Aug. 23.| 1 | 45°8 | 41°2 37 °2 13 | 38°3 | 36°4 | 34°3 
2 | 44°9 | 40°2 36°3 14 | 39:2 | 37°0 34°1 
3 | 44°4 | 40°1 36°7 15 | 38°5 | 36°1 32°8 
4 | 44°0 | 40°5 36°3 16 | 87°6 | 35°7 | 33°3 
| 43°83 | 40°1 36°4 17 | 86°9 | 35°3 33°8 
6 | 44°1 | 40°2 34°38 (?) 18 | 35°1 | 34°4 33°5 
7 | 44°7 | 41°1 38°5 19 | 34°9 | 33°6 31°4 
8 | 46°1 | 42°0 39°3 20 | 33°0 | 32°2 30°7 
9 | 47°4 | 43°1 40°0 21 | 32°0 | 32°0 32°2 
10 | 47°8 | 42:1 | 38°3 22 | 31°9 | 31°7 31°3 
11 | 48°6 | 40°99 | 34°2 23 | 31°0 | 30°9 31°3 
12 | 50°0 | 43°2 37°) 24 | 29°7 | 29°2 28°8 
13 | 50°6 | 46°4 | 43°5 | 
14 |,48°7 | 465 | 463 27.) 10 | 30-0 | 29°9 | 
15 | 49°0 | 46°2 | 438°5 | 11 | 31°9 | 30°9 28°6 
16 | 48°0 | 46°1 45°5 12 | 33°2 | 31°4 29°6 . 
17 | 48°6 | 45°8 42°6 (14 | 33°5 | 32°0 30°5 
| 49°0 | 45°9 | 42°5 15 | 34°0 | 32°3 30°4 
19 | 46°5 | 44°7 43°1 16 | 32°9 | 31°9 29°3 
20 | 45°9 | 44°5 42°3 17 | 32°8 | 31°9 29°4 
21 | 45°2 | 44°8 44°4 18 | 32°2 | 31°7 30°4 
| 19 | 32°0 | 31:0 29°4 
Aug. 26| 3 | 36°8 | | 31:4 
Extra Observations. 
Dew Point. : Dew Point. | | Dew Point. 
Dry. | Wet. | Chrystal's || Dry. | Wet. | Chrystal’s || Dry. | Wet. | Chrystal’s 
Hygrometer. Hygrometer. Hygrometer. 
35°1 | 34°0 29°5 40°0 | 37°8 32°7 41°7 | 36°0 28°9 
°35°4 | 35°0 31°2 40°6 | 37°3 33°7 41°0 |! 36°0 30°3 
38°9 | 38°4 37 °4 40°7 | 37°8 35°2 40°9 | 35°4 29°5 
39°0 | 38°7 38 °2 41°7 | 36°7 30°6 © 41°0 | 35°4 30°1 
39°2 | 37°5 35°38 41°9 | 37°4 32°0 42°7 | 34:0 21°2 
39°1 | 37°7 36°0 41°2 | 38°0 33°3 41°G | 33°8 22°1 
39°1 | 38°1 37°2 41°0 | 38°2 34°2 41°3 | 34:3 25°7 
40° | 37°1 32° 40°9 | 38°0 34°4 40°9 | 34°1 23°5 
39°8 | 38°0 32°4 40°2 | 38°9 36°6 40°6 | 34°0 23°8 
40°0 | 3 °5 33°0 41°3 | 36°4 30°5 | 40° 34°1 21°3 
40°0 | 38°2 34°] 42°0 | 35°2 26°0 40°0 | 34°0 24°3 
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Extra Observations—continued. 
Dew Polnt. Dew Point. Dew Point. 
Dry. | Wet. | Chrystal’s |} Dry. | Wet. | Chrystal’s || Dry. | Wet. | Chrystal’s | — 
Hygrometer. Hygrometer. Hygrometer.| 
| 40°6 | 33°2 20°2 43°6 | 36°7 38°0 20°2 | 20°0 18°7 
40°4 | 32°7 20°1 48°4 | 41°8 34°5 20°1 | 20°0 18°7 
40°0 | 33°0 21°5 49°8 | 42°4 34°3 23°8 | 23°7 17°7 
40°0 | 33°0 20°2 49°2 | 42°8 36°1 22°1 | 22°0 15°8 
40°6 | 32°0 17°3 50°8 | 44°0 376 .92°2 | 21°8 
40°0 | 32°2 18°6 52°2 | 45°0 37 °4 21°9 | 21°4 17°7 
40°1 | 32°2 19°3 52°0 | 44°0 36°3 21°2 |} 20°5 15°7 
40°2 | 32°1 19°1 50°0 | 45°0 40°1 21‘1 | 20°0 13°5 
40°9 | 33°1 20°7 47°4 | 40°8 o4°4. 1} 20°2 | 19'S | ° 15°7 
44°1 | 36°4 22°5 47°1 | 41°9 37°2 =|} 20°2 | 19°1 12°3 
46'0 | 36°6 20°5 46°2 | 42°4 | 39°8 20°1 | 19°0 16°4 
46°2 | 36°5 21°3 45°0 | 41°1 37°8 19°9 | 19°0 13°5 
46°0 | 35°2 18°2 43°5 | 39°8 35°3 19°1 | 18°6 16°5 
46°0 | 35:0 | 16° 44°1 | 41°0 77 15°2 | 15°0 14°3 
47°0 | 36°4 16°3 51°7 | 44°0 36°8 15°2 | 15°1 12°2 
46°6 | 35°5 15°7 44°5 | 41°1 38'3 15°2 | 15°0 9°6 
47°0 | 36°0 14°9 46°6 | 41°7 38'0 -15°9 | 15°0 
47°0 | 37°8 19°3 47°1 | 42°4 37°3 15°8 | 15°0 9°5 
46°7 | 36°9 19°6 48°0 | 43°7 39°0 16°0 | 16'5 9°3 
45°8 | 37°1 24°3 47°4 | 43°0 38°3 19°0 | 16°0 4°5 
46°0 | 36°3 | 25°2 47°0 | 42°1 38°4 21°38 | 19.3 7°6 
47°5 | 36°0 18°1. 46°5 | 41°6 37 °6 19°5 | 19°2 16°9 
46°9 | 36°9 24°7 43°2 | 40°2 37 °5 20°3 | 19°2 | 13°83 
47°2 | 36°1 16°1 43°0 | 39°6 36°4 19°8. 19°3 14°5 
47°0 | 37°4 20°3 46°1 | 42°6 41°3 22°9 | 19°3 6°3 
47°8 | 39°3 27°2 46°0 | 42°4 41°3 21*1 | 19°2 13°3 
47°2 | 39°5 31°3 44°2 | 43°0 41°9 2I°1 | 19°0 11°2 
47°0 | 37°8 24°3 44°4 | 43°7 43°3 22°5 | 19°1 7°5 
47-1 | 39°9°'| 329 || 45:0 | 43-9 | 43°3 |] 21°9 | 19°71 | 
47°8 | 39°0 26°3 46°4 | 45°0 44°] 22°6 |.19°7 7°3 
47°9 | 388°1 | 24°6 46°7 | 45°2 44°4 22°7 | 19°4 9°6 
47°3 | 37°9 26°7 33°4 | 29°9 19°2 24°1 | 19°9 7°3 
47:0 | 39°1 34°3 33°0 | 29°7 | 20°7 23°0 | 19°8 8°2 
46°3 | 38°1 27°3 32°6 | 29°0 18°9 22°7 | 19°9 9°7 . 
46°1 | 39°0 34°3 || 82°5 | 28°3 12°5 19°1 | 18°4 13°4 
46°9 | 37°7 26°3 33°8 | 27°3 16°5 18°1 | 17°8 12°7 
44°9 | 40°2 36°3 32°3 | 28°1 9°7 18°1 | 17°5 14°8 
45°0 | 40°8 37°1 30°7 | 30°0 25°7 18‘1 | 17°9 14°9 
44°0 | 40°7 37 °3 29°8 | 27°7 19°7 17°4 | -18°0 
44°0 | 40°2 38°4 30°4 | 28:0 24°2 17°3 | 16°9 12°7 
44°0 | 39°7 35°3 308 | 27°1 23°9 18°6 | 18°0 14°0 
43°3 | 40°1 38°1 30°6 | 28°8 22°7 20'1 | 19°8 16°9 
43°1 | 40°5 39°1 28°0 | 27°2 23°7 29°6 | 22°1 1°5 
44°1 | 38°0 30°3 31°0 | 30°3 26°6 33°0 | 23°0 3°3 
44°1 | 38°0 30°9 32°1 | 31°0 26°8 33°0 | 23°1 3°4 
44°1 | 37°1 28 °4 21°0 | 20°0 10°7 36°1 | 25°0 2°1 
43°8 | 37°0 38'3 | 
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bulb thermometers used in conjunction with Daniell’s and Regnault’s 
direct hygrometers, extending from the year 1841 to 1854. The 
difference of temperature between the wet and dry bulbs is mul- 
tiplied by the factor corresponding to the temperature of the dry 
bulb, and the result subtracted from the dry bulb temperature gives 
the temperature of the dew-point. This obviously gives us in the 
diagram a line involving the curve connecting temperature with 
vapour pressure. Taking the wet bulb temperature as constant, and 
gradually raising that of the dry bulb, we have at first a part of the 
curve closely approximating to a straight line, and the higher the 
temperature taken for the wet bulb the closer is this approximation, 
and the longer is the part of the curve. As we continue to raise 
the temperature of the dry bulb the curve becomes less steep, and 
eventually we have a point of inflection, after which, as the dry bulb 
rises, the dew-point given also rises, until another point of inflection 

The only part of the curve which has to be looked at, however, 
is that first mentioned. We find this to be nearly straight, starting 
in a direction steeper than the hygrometer lines, gradually lessening 
in steepness till it crosses them, and then going on above them. 
Hence it appears that the dew-points given by these tables are at 
first lower than those found by the hygrometer, the difference first 
increasing to a maximum, and then diminishing to zero. After the 
point of coincidence the calculated dew-points are above those got 
directly, and the differences go on increasing rapidly. The first 
differences referred to, where the calculated dew-points are the lower, 
are smaller the higher the temperatures concerned, and the points at 
which the lines cross are further from the commencement of the 
curve. Hence Glaisher’s tables are practically nearly accurate until 
the point of the crossing of the lines is reached, and this is rarely - 
done at the temperatures and with the humidities ordinarily ex- 
perienced at low levels in this country, although it is often — 
at Ben Nevis Observatory. ee | 

It is to be remarked that the results deduced from Glaisher’s 
tables, used within the limits above mentioned, do not on the whole 
agree so well with direct observations at high levels as with those 
low down. In observations at Granton Marine Station it was found 
that in most cases the dew-point derived from both sources agreed 
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“almost perfectly ; while at Ben Nevis the hygrometer tended to give 
higher results. As a rule the differences do not exceed the limits of 
errors of observation, and are only shown by the general direction 
of the lines in the diagram. 7 

The — given by Dr Apjohn is of the form 


where f” is the vapour pressure corresponding to the temperature of 
the dew-point, j” that to the temperature of the wet bulb, 8 is 
difference of temperature between wet and dry, P the atmospheric 
pressure at the time of observation, 30 being mean sea-level pressure, 
and m a coefficient depending on the specific heat of air and the 
latent heat of aqueous vapour. Dr Apjohn communicated the 
details of the investigation which led him to the above formula to 
the Royal Irish Academy, and the paper was published in the 
_ Transactions in 1834. He afterwards verified his results by experi- 
mental investigations (Z'rans. R. I. 4.; Phil. Mag., 1835, vii. p. 
266; Brit. Assoc. Rep , 1843, p. 36). In the course of these, by 

nesting air, of which the point of saturation was known, he obtained 
_ very great differences of wet and dry, and found his formula to give 
accurate results. 

Without discussing objections to Apjohn’s methods ie which 2 
see his original paper, also Clerk-Maxwell in Ency. Brit., art. 
_“ Diffusion,” 9th edition), we may simply take the form given with 

the value 4, for m. Putting into the diagram lines formed by 
taking fixed values of /’, and increasing 8, the value of P being 
as 25°300 throughout, being the mean barometric pressure for the — 
time over which the observations extend, we get a system of parallel 
straight lines. Comparing these, as before, with the hygrometer 
lines, we find that at high temperature of wet bulb the dew-points 
ascertained by Apjohn’s formula are on the whole too low, 7.¢., the 
lines representing them are slightly steeper than the hygrometer lines, 
As the wet bulb temperature is lowered the differences. between the 
— two results diminish, and with wet bulb readings between 35° F, and 
40° F. Apjohn’s formula agrees with the hygrometer within limits 
of observational error, even with differences of wet and dry amount- 
ing to over 10° F. When we come to temperatures below 32° F., 
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the results deduced from Apjohn’s formula are tvo high, there being 
no change in the direction of the lines. In most works on Meteor- 
ology we find that for temperatures below 32° F. the value ;4 is 
given for m, but I have not been able to discover the origin of this, 
and it is not stated whether the change is to be made with reference 
to the temperature of the dry bulb or of the wet bulb. Using this 
value we get dew-point differing still further from my own observa- 


tions, and also from Glaisher’s tables. 


The empirical formula deduced from the diagram is simply that 


of Apjohn, the factor denoted by & being equivalent to (m 55) 
The value of ( * za) is 


| 87 30:0 103’ 
and the temperatures at which the formula is found to give most 
accurate results are those at which the value of X is nearest >45. 


It is obviously impossible to reproduce the diagram in full, but 
a specimen is given for wet bulb temperatures between 15° F. at 
20° F. The lines for Glaisher’s tables (solid) and Apjohn’s formula 
(dotted), are given for each degree of temperature of wet bulb, and 
the mean direction given by the hygrometer observations is shown 


for wet bulb temperatures of 15°°5 F., 16°°5 F., and 19°-4 F. 
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7. The Temperature of Loch Lomond and Loch Katrine 
during Winter and Spring. By J.T. Morrison, B.Sc. 
Communicated by Dr J. Murray. ee 


8. Note on the Surface Temperature 1 near a Tidal Race. 
By the Same. 


9. Further Remarks on Dew. : By J ohn Aitken, Esq. 


10. On the Objective Cause of Sensation. Part IL.—Taste. 
By John B. Haycraft, M.B., B.Sc. &c., Professor of 
Physiology i in the Mason College and the Queen 
College Medical School, Birmingham. | 


~ Much knowledge has already been gained regarding the nature of 
light and sound, and much is known as to the functions of both the 
eye and the ear. Little, however, has been learnt concerning the 
production of smell and taste, which is not the intellectual property 
of every educated man. The views of Hobbes and Hartley have 
been during late years rendered more acceptable by the remarkable 
discovery that the end-organs of special senses are all built up on 
the same plan. Developed as they are on the same lines from 
simpler, practically identical, ectodermic cells, we are forced with 
Herbert Spencer to look for similarities in the agencies which 
develop them. In the case of sight and hearing, it is already known 
that the quality of the sensation produced depends upon the nature 
—rapidity, complexity-——of the vibrating stimulus. The particles 
of a liquid, as well as particles dissolved in water, are in constant 
and characteristic vibration. It has been my endeavour to discover 
whether in the case of taste also it will not be possible to connect 
the quality of the sensation with the nature or character of the — 
vibration of the sapid particle. 

In the first place, it may be well to determine whether or no 
there is any relationship between taste sensation and the gross 
molecular weight of a sapid particle. 


_ If we take the molecular weights of acid substances, we shall find 
VOL. XIII. 3 
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in the case of hydrochloric acid a weight of 36°5, in the case of 
sulphuric acid 98. Lithium chloride, molecular weight 42°5, and 
potassium sulphate, molecular weight 14°4, are saline. Many other 
examples might be adduced from bitter and sweet compounds to 
demonstrate that we cannot tell by the molecular weight alone any- 
thing about the taste of a substance. In the aboveexample an acid 
may have a lower or a higher molecular weight than a salt. 

We shall see hereafter that molecular weight is not without its 
importance, and even at this stage of our inquiry it may be well to 
allude to a series of facts in this relationship. Bodies which have 
the greatest molecular weight of any, such as albumens, albumen- 
oids, starches, gums, &c., are totally without taste ; nor need it be 
urged that a ready explanation of this is at hand. No doubt many 
of these substances are not readily miscible in water, and in conse- 
quence. they will not readily permeate the viscous layer of saliva 
covering the tongue and the surface of the gustatory end-organs. 
Some albumens, such as serum and egg-albumen, are fairly soluble, — 
and they may all be converted by appropriate ferments into allied 
products called peptones, which are soluble and readily diffusible, 
and nevertheless devoid of taste. In like manner starch may be 
converted into dextrine, a substance readily diffusible in water, and 
tasteless, 

We find also among the list of seslalione bodies all those of very 
small molecular weight. Water, molecular weight 18, is an example. 
The simple gases dissolved in water are tasteless, but when we 
examine a substance with a molecular weight over 30, we find that 
when dissolved in water it is capable of producing some taste or 
other. Sulphuretted hydrogen, molecular weight 34, is very slightly 
acid to the taste; hydrochloric acid, molecular weight 36:5, is very 
acid ; and nitrogen monoxide, molecular weight 46, is sweet. It 
is true that the monatomic alcohols, such as ordinary commercial 
alcohol, have molecular weights over 34, and are tasteless, so that 
the same rule does not apply to al! the carbon compounds; but even 
here we are struck with the fact that. these alcohols are the lowest. 
of a series, all the polyatomic and more complex alcohols being 
sapid and sweet in character. 

There seems then to be some analogy between taste on the one 
hand and sight and hearing on the other. The substances of lowest 
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molecular weight, and therefore of most rapid vibration—like the 
ultra-violet rays of the spectrum—are incapable of producing sensa- — 
tion. In like manner there are substances of very great molecular 
weight, and of the most sluggish molecular vibration, like the vibra- 
tions of the ultra-red, also incapable of effecting the sensorium. 

Let us turn again to our study of sapid substances, restricting _ 
ourselves in the first case to the investigation of inorganic com- 
pounds. A large number, perhaps the greater number of inorganic : 
compounds, are insoluble in water, and are therefore tasteless, so we 
are confined to those which are soluble, which are chiefly the salts 
of certain metals. | 

Many elements are so lonely related that they may be classed to- 
gether. New and curious relationships have recently been discover- 
ed by Newlands, Lothar Meyer, Mendelejeff, and Carnelley. In the 
groups of elements shortly to be mentioned we find the presence of 
common physical and chemical properties. It has been shown by 
Dr Lauder Brunton that elements with similar physical properties 
have similar actions on protoplasm generally. It will be my endea- 
vour to show that they are capable in the same way of stimulating the 
end-organs of the gustatory nerve, and producing similar sensations. 

The nature of the Periodic Law is now so well known, thanks to | 
the many recent publications of Professor Carnelley, that it would 
be superfluous to attempt more than roughly to sketch its main 
features. If we arrange the elements in the order of their atomic 
weights, beginning with that which has the lowest, and passing to 
that which has the highest, we shall find that there is a periodical 
recurrence of function or property in the series. The first element 
is a monad, the second a dyad, the third a triad, and the fourth a — 
tetrad. Then we find the fifth a triad, the sixth a dyad, and the 
seventh once more a monad. Then follows a second series of seven 
elements, showing the same variation in atomicity, and this repeats 
itself right through the list of elements. This periodic recurrence 
is seen not only with the atomicity, but with the atomic volume, 
the fusibility, the electrical and other properties of the elements. 
There is then a general resemblance in physical properties between 
the first, eighth, fifteenth, &c. ; between the second, ninth, sixteenth, 
-&¢., and so on. Mendelejeff has arranged the elements in a very 
convenient tabular form, which brings out these and some other 
important facts, 
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Those elements, which resemble one another and which we can. 
pick“out, taking every eighth one from that one we start with, from — 
what he calls a group (see table), In vertical series are arranged the 
groups of similar elements, and the series, each of seven elements, 
are seen on the horizontal lines. There is one other point of import- 
ance ; itis that the elements of a group which are in an even series © 
are especially related one to another in these properties. So, in like 
‘manner, elements belonging to the same group of odd series are espe- 
cially related. Thus Li, Na, K, Cu, Rb, Ag, Cs, Au have all of 
them properties in common; but in this group, Na, Cu, Ag, Au are 
most alike, and Li, K, Rb, Cs also, in like manner, are specially 

related. | 
By far the greater number of sapid substances contain elements 
_ found in Groups I., II., and VII., and these I accordingly studied. — 
The salts of Group I. and II. most easily obtained are the chlorides 
and sulphates, and of Group VII. I selected the combinations these 

elements form with sodium and potassium, As it was very neces- 
sary to use salts as pure as possible, many were prepared for me 
with great care by Mr Harris the chemist, but for the greater 
number I have to thank my colleague Dr Nicol, who placed at my 
disposal a large collection of very pure salts prepared by himself for 
his own well-known investigations on solubilities. In the subjoined 
tables are the results of an investigation of Groups I., II., and VII. 
We have then to see whether the same taste sensations are produced 
by the chlorides, &c., of elements having similar physical properties, 


Grovp I. 

Metal. Chloride, Sulphate. 
L Salt. Bit. 

Na Salt. Sal. Bit. 

K Salt. Sal. Bit. Sal. Bit. 

Cu Insol.  §al. Bit. Ast. 
Rb | Salt. Sal. Bit. 

Ag Insol. Sal. Bit. 

Cs Salt. Sal. Bit. 
Au Salt. Ast. 


It will be seen that all the soluble chlorides are salt like table 
salt, although with the higher numbers we have the taste becoming 
more saline, A very slight bitter taste also develops. Some salts 
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are astringent, as will be seen in a study of this and of other groups. 
I do not think this astringency is generally looked upon as a taste 
at all, depending, as it does, upon the formation of insoluble albumi- 
nates. It is purely a local action on the mucous membrane of the 
tongue, and will not be again discussed. 
The sulphates are saline, not salt at all, and in addition they are 
distinctly bitter. I have not been able to obtain the sulphates of — 
cesium and rubidium. | | 


Grovp II. 
Chlorides. | Sulphates. 
| Acid, Sweet Ast. 
Mg | Bit. Sal. Wrm. Pung.| Bit. Sal. | 
Ca Bit. Sal. Wrm. Pung. }  Insol. 
Zn Bit. Salk Wrm. Pung. | Bit. Sal. Ast. 
Sr | Bit. Sal. Wrm. Pung. | _Insol. 
) Cd | Bit. Sal. Wrm. Ast. | Bit. Wrm. Ast. 
Ba Bit. Sal. Pung. Insol. 
Hg | 


In Group II. the chlorides are all bitter salines, with in nearly 
every case a warm pungent flavour. They are very disagreeable to 
taste, and it is long before the flavour leaves the mouth. Beryllium | 
chloride with the sulphate is described as sweet. I have not tasted 
the chloride ; the sulphate is distinctly acid and astringent as well. 
Beryllium salts then come out as a well-marked exception to the 
other salts, giving, as they do, such constant taste sensations. The 
atomic weight of beryllium was long an open question. I am in- 
formed on competent authority that there is now no doubt on this 
head, and I. am at a loss therefore to explain its action as a sapid 
substance. The soluble sulphates are saline and bitter. 


GROUP VI. 
Element. Sodium Comp. Potassium Comp. 
F Salt. Sal. 
Cl «Salt. Salt. Sal. Bit. 
Mn 
Br Salt. Sal. Salt. Sal. Bit. 
I — Salt. Bit. Sal. Bit. 
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In Group VII. we have tastes produced which are in the main 
salt. In the case of both the sodium and potassium compounds 


there is a tendency to the production of the saline and bitter among | 


the higher members of the group, and this is sooner seen in the case 


of potassium—itself a higher member—than in the case of sodium, 


a lower member of Group I. 

From a study of these groups we may learn many important facts. 
It will be seen that much depends upon the electro-negative group 
with which the element is combined. Thus sodium combined to 


form a chloride has a different taste from the sulphate of the same 


element. | 
With the same electro-negative group similar elements give 


similar tastes, but with a curious and very uniform change, as we 


pass from an element of low to one of high atomic weight. As we 


shall soon see, a change in physical property may, in like manner, be. 


seen as we pass from a lower to a higher member of a group. 
So far then we have reduced taste to a function of elements and 
then compounds, and we see that it obeys laws which are the same 


for so-called physical properties of these elements; just as from a 
knowledge of the components of a compound we can account for — 


its physical properties, so we have to take to pieces the sapid sub- 
stance before we get the clue to relationship between its nature, 
as indicated by its chemical and physical properties and the sensation 
it produces. 

This is much already to learn, but can we go a step further, and 
ask “in what essentials are elements alike that produce similar 
tastes.” We turn naturally to the question with which we started, 
_and ask, Do these elements vibrate in any way that is similar ? 

Rapid advances are being made in the more exact and extended 
inquiry, How do the ultimate particles of matter move? Ina few 
years, no doubt, the investigations into the ultra-red and ultra-violet 
spectrum will shed a flood of light on this question, and will enable 
us to come to more definite conclusions than at present. Still 
much is known, and it may not be premature even now to make 
use of this incomplete knowledge. 

No one would expect to find very closely allied spectra when 
comparing elements even of the same group, and for this reason. 
Suppose potassium and lithium to have each a fundamental tone and 
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a series of upper partials each in an exactly similar inharmonic 
ascending scale, the tones of the heavier—potassium—would all be 
of lower pitch than the lighter—lithium. An absorption line of 
potassium in the visible spectrum will correspond in this case to 
one of lithium in the ultra-violet. Thus all attempts to establish 
exact mathematical relationships between the wave lengths of similar — 
metals are for the present out of the question. We can but hope to 
- find rough points of similarity, and these are forthcoming. The 
chloride of the alkaline earths are nearly related. The lithium and 
sodium spectra have some points of similarity, especially in their 
extreme simplicity; also potassium and rubidium, each with their 
five groups of lines, Then again the chlorides, bromides, and iodides 
of calcium and barium are nearly related, the lines shifting towards 
the red end of the spectrum in a way which is nearly oacuaee : 
with the increase of atomic weight. | 

Many salts absorb light of different wave ae and are in 
consequence of a definite colour. The cvlour is an index to this 
- absorption and to the state of molecular vitiation of the salt mole- 
cules, Ina paper on the colour of chemical compounds, recently 
_ published in the Philosphical Magazine,* Professor Carnelley de- 
monstrated a relationship between salts of metals of the same group 
in respect to colour. The salts, say the chlorides, of a group of 
‘metals are much of the same colour, except that as you pass to the 
higher members of a group this changes somewhat, shifting uni- 
formly towards the end of the spectrum. This is illustrated by the 


following diagrams taken from his paper, in which only these metals 
of a group are given in alternate series :— 


Metal. Metal. CrQ,. 
Na White. | White. Mg Lemon Yellow. | White. | 
Cu White. Cream. ' Zn -| Yellow. | White. 
Ag White. Light Yellow. Cd | Orange Yellow. | White. 
Au _ | Yellow White. |Golden Yellow.} Hg R Yellow. 


The striking analogy between the above tables and those of taste. 
already alluded to needs scarcely to be pointed out; it isobvious. But 
what does this shifting towards the red end of the spectrum indicate 


* Phil, Mag., July 1884, 
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in the case of these coloured salts? Probably the colourless ones 
have vibrations of high pitch in the ultra-violet; with a higher 
atomic weight and slower vibration they gradually absorb the rays 
of the visible spectrum. The blue rays are first absorbed, and the 
salt appears yellow ; then the green giving orange, and then the 
yellow and orange rays, all also absorbed, giving red. In the 
case of tellerium chloride all are absorbed, and the salt is black. - 
 Carnelley has therefore demonstrated that the salts of a group have 
molecular vibrations, which are similar, which absorb light and give | 
rise to colour sensations, which are similar, changing uniformly, — 
however, with i increasing atomic weight. If a curve be constructed 
in which the ordinates represent the atomic weights of the positive 
elements, and the abscisse a chromatic scale rising from blue, green, 
&c., to black, we shall obtain a curve, indicating that the colours of 
the compounds are a periodic function of the elements arranged in 
atomic series. This is best seen in the case of the normal iodides. 
Upon the pitch of the vibration depends the colour sensation, as 

_ every one would admit ; we find in the case of taste a result which. 
in every way is the same. | 

This has been an induction from the study of the inorganic com- 
pounds, but a whole field of inquiry has been untouched. As yet 
no allusion has been made to the carbon compounds, many of which 
are sapid. 

One of the most important and interesting facts in connection 
with the chemistry of the carbon compounds is that they have what 
‘may be termed a structure. Thus the formula for common alcohol 
is C,H,O, but one of the hydrogen atoms is found to be especially 
related to the oxygen, and it is written C,H,.OH. In this case, 
then, there is one group (compound radical), C,H;, united with 
another group, OH. Now those groups play the same part that 
_ elements do in inorganic compounds, and it is necessary to know 
this so-called structural formula, in order to understand the property 
of an organic substance. Just as we can replace the hydrogen in — 
_ water with potassium and form another substance of different pro- 
perties depending upon the nature of the substance you add, so, in 
like manner, we can replace the C,H,, or the OH, by other con- 
pound radicles or even elements, and produce a substance whose 
properties will depend upon the nature of the radical added. 
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There are then two points for investigation. In the first case, 
can we find in sapid substances having, say a sweet or a sour taste, 
compound radicals always present, and from whose presence we 
may say that the taste-sensations result? Just, in fact, as the © 
chemist associates certain properties with the presence of a certain — 
radical in a substance, can we find similar associations with taste 

In the second place, do we find that a compound radical, in the 
various combinations which it may form, preserves the character of 
its vibration, as shown by the spectroscope, unaltered in any marked — 
degree ? 

The answer to the first question can be readily given, for it will 


_be sufficient to obtain a list of substances giving a definite taste, and 


to search for some common or similar radical. If a radical common 


_ to all be found, we may safely answer it in the affirmative. 


There are among the carbon compounds many substances having 


an acid taste ; here is a list of the most familiar ones:— 


Acetic acid, . CH?.CO.OH. 
CO.OH. 
OH. 
CO. OH. 
_CH,CO.OH. 
OH. 


Succinic acid, . 


Glycolic acid, 


Glyceric acid, .  CHOH 


| 
‘CO.OH 
CH(OH).CO.OH. 
Tartaric acid, . | 
CH(OH).CO. OH. 


C,H,.CO.OH. 


CO.OH. | 
CO .OH 
| CH,OH 
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CH(OH).CO.OH 
Malic acid, 3 | 
H,.CO.OH. 
| | CHO. 
Glyoxylic acid, 
 CO.OH. 


The above ten examples of substances possessing distinct acid 
tastes are taken from various classes of organic acids, and they will 
be seen to have in all cases a common group of elements. This 
group is a compound radical CO.OH. which is combined in all 
cases with a different molecule. We have then the same right to 
impute to this radical the capacity of producing a given taste sensa- 
tion as the chemist has of looking upon it as related to certain 
physical properties of the compounds in which it may be found. 

Among sweet substances we find the following : --- 


CH, . OH 

Glycol, e ° 

CH,. OH 

| CH,. OH 

| 
OH. 
Mannite, HOH), 


C;H,.0, 


These are all alcoholic bodies, glycol, glycerine, mannite, being © 
respectively a diatomic, triatomic, and hexatomic alcohol. The 
rational formule of the last three, and other nearly related sub- 
stances, such as levulose, maltose, &c., are not at present definitely 
settled ; but it is certain that they are alcoholic or ether bodies, and 
‘contain a radical CH,.OH found in the first three substances. 
Thus the formula of glucose, according to Colley, is CH,. OH — 

Monatomic ethyl alcohol is tasteless, and has been alluded to 
already. It is the simplest alcohol, the polyetounie alcohols referred 
to having a sweet; taste. 


| 
| 
if 
¥, 
| 
| 
| 
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We see here again that, with a definite molecular structure, with | 
the presence of certain groups of elements, a definite taste sensation 
is produced. A chemist examining the rational formula of a sub- 
stance will predict its properties to an extent which will vary with 
the extent of his knowledge. We too can predict a property, that 
of producing a particular sensation, when applied to the tongue. 

There is a large number of organic compounds having a bitter 
taste. Such is quinine, quassia, strychnia, &c., but inasmuch as 
go little is known as to the chemical nature of these substances their — 
investigation would be of little use. | 

We have seen that in the inorganic compounds the physical, 
chemical, and taste properties vary with the nature of the elements 
in the sapid substance ; with similar elements similar properties are 
associated. So, too, we have seen among the carbon compounds. 
that the physical, chemical, and taste properties vary with the com- © 
pound radicals present in the sapid substance. The question now 
to be determined is, whether or no the compotnd fadicals behave 
as elements, vibrating in a characteristic and definite way, not 
_ materially disturbed by altering the combination. This may be 
- determined by the eye, with or without the aid of the spectroscope. 
_ We know that chromic acid has an orange-red colour; combine it 
with metallic elements to form chromates, and we find that these are 

coloured, the colour varying very slightly with the metal. 
- Picric acid is a coloured solid, and it probably owes its colour, at 
any rate in part, to the presence of a radical (NO,). Its salts, too, 
are coloured, the absorption shifting towards the red end of the 
spectrum. In his interesting researches into the spectra of colour- . 
_ less fluids, observed through a considerable length of tube, Dr W. J. 
Russell finds that ammonia gives certain well marked absorption 
bands, If an atom of hydrogen in the ammonia be replaced by — 
methyl forming a substance methylamine, the ammonia bands are © 


still seen, shifted, however, slightly towards the red end of the 
spectrum. 


H — 


Ammonia. Methylamine. 
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Replace the hydrogen by the higher group C,H,, or Ethyl, to form 
ethylamine, and the shifting continues towards the red, _ 

With a series of alcohols, such as methylic, ethylic, propylic 
alcohol, we find that, as we pass to the more complex, heavier, but 
similarly constituted molecule, a shifting of equally characteristic 
bands towards the red end of the spectrum. It is very much (and 
here we may recall the colour experiments of Professor Carnelley) 
as if we took an instrument, say a violin, and kept loading its 
_ strings. The notes would be heard deeper and deeper in tone, but 

it would be still recognised as having the tone or aed of the 
violin. 

I have mentioned the above instance, though many others might 
have been adduced, to demonstrate the same fact. We have every 
reason then to believe that the radical 


‘ -C-0-H 


and the radical | 


of the acid and sweet substances are both in constant and characteristic 
vibration, although this vibration does not affect the rays of the 
visible spectrum. Not only so, but we know that this vibration — 
will not be altered in character (from the analogy with the ammonia | 
radical in methylamine) being merely shifted to a small extent in 
pitch, when its combinations are changed. 
_ This is, however, the analogy which we have sought. Both in 
the case of sight, hearing, taste, and, as I hope afterwards to prove, 
in the case of smell, we have these analogous phenomena. On the 
side of sensation we have variations in what we may call quality, on — 
the objective side we have matter in vibration,—these vibrations 
vary in character, and it is possible to connect the quality of the 
sensation with the character of the vibration. 


It may be urged that, inasmuch as an acid like tail, acid 


produces much the same taste as oxalic acid, there is no such definite 


| 
| 
| | 
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connection between vibration and sensation. There are, too, some 
sweet substances having no relationship to an alcohol. We know, 
however, that one can get the same colour sensations from a solution 
of either a picrate or a chromate, two substances absolutely dis- 
similar in chemical properties ; the reason is, that they both give a 
group of vibrations in the same part of the solar spectrum. It 
would then be reasonable to expect that instances would be forth- 
coming of substances of dissimilar nature and chemical composition 
with similar tastes. It would seem probable, then, that there is a 
scale of vibrations which may stimulate the taste organs analogous 
to the visible spectrum. Ifa substance vibrates in a definite part of 
this scale, a definite taste will be produced. 

One must always remember that the tongue has, like the eye and 
unlike the ear, no power of analysis. It may be that just as a 
colour, say orange, may be produced by either a simple vibration, or 
a combination of vibrations, some higher and some lower ‘in pitch 
than that of the simple one, so the same taste may, in like manner, 
be produced by a simple vibration or a compound one made up of 
simple vibrations of higher and lower pitch. 

In conclusion, it will be necessary to state very emahilliaiiy 
that it is analogy that this paper proves,—analogy in the produc- 
tion of the senses. It would be premature definitely to say how 
the vibrations of common salt produce irritation of the gustatory 
nerve. Is it by setting up a sympathetic vibration, as in the ear, 
_ where the sonorous waves set in motion the end-orguns of the 
labyrinth? _ Upon such a question I have no wish to hazard what 
could only be an opinion. In the eye vibrations stimulate the cones. 
How is this done? It is quite conceivable that this is by setting up 
sympathetic vibrations, but many suppose it to be a chemical action. 
If we ask what is a chemical action, no adequate reply will be 
forthcoming, though many would hesitatingly affirm that even so- - 
called chemical actions may have a vibratory and mechanical inter- 
pretation. When we say that we wnderstand the manner in which 
the end-organs of the ear are stimulated, we mean that we can 
prove an analogy between the sympathetic vibration of a tuning 
fork, and of the organ-of Corte, when effected by the same wave 
motion. This is nothing, however, but an analogy. The produc- 
tion, on the other hand, of end-organ irritation by light or molecular 
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vibration has no sufficiently definite analogue in the laboratory of 
the experimenter. | 

All that I claim to have proved is, that the body is surrounded 
by vibrating matter, stimulating its sensitive surface. That in all 
cases the process of stimulation with the production of a consequent 
sensation is the same to this extent, that the quality of the sensation 
is dependent upon the character (pitch and complexity) of the 
vibrating matter, just as a certain class of salts of allied chemical 
and physical properties vibrate in a similar way, and stimulating 
the eye, produce the same colour sensation ; just as certain strings of 
definite length and consistency vibrate in a similar way and produce 
the same sound ; so, in like manner, the similar sapid compounds 
(containing similar elements or the same compound radicals) vibrate 
in a similar way and produce the same taste. 


Concluding Address by Robert Gray, Esq., Vice-President. 


In reviewing for a moment the business of the Session now about 
to be closed, I think we may fairly congratulate ourselves on the 
satisfactory results ; indeed, I may venture to say that at no period 
ef its history has the Society shown so much vitality, or such a 

capacity for solid scientific work. Since the opening meeting in 
December last, ninety-one communications have been submitted at . 
the ordinary meetings, the number being nineteen higher than last. 
Session, and greatly in excess of the average of previous years. 
These papers may be classed under the following heads :—Physics, 
30; Mathematics, 7; Hydrology, 5; Chemistry, 10; Geology, 2; 
Mineralogy, 1; Meteorology, 10; Biology, 4; Botany, 2; Physio- 
logy, 13; Anatomy, 5; Anthropology, 2. | 

Thirty-six Fellows have juined the Society during the past 
Session, and four deaths have taken place. The total number of 
Fellows on the roll at present is 462. With regard to the deceased — 
Fellows they will receive due mention by competent writers in our 
Obituary Notices ; but I may meanwhile be permitted to say that in 
Bishop Cotterill, whose deeply affecting message to his clergy and 
his people, when he learned the nature of his last illness, will not 
goon be forgotten, the Diocese of Edinburgh has lost an able 
administrator, a learned theologian, and an earnest teacher; in Dr 


¥ 
7 
; 
“ 
be 
Z 
Ps 
§ 
2 
i 
> 
4 
q 
2 
: 
3 
= 
> 
~ 
| 


976 Proceedings of the Royal Society 


Angus Macdonald, one of the most distinguished of the many 
celebrated physicians of this city, a gentleman whose skill and 
conscientiousness marked him as one of the most able and devoted 
of the profession to which he belonged ; while in Dr Williamson, 
Leith has lost one of its most eminent men, who discharged with 
- universal acceptance the important duties connected with the 
various medical offices which he held. 

It would not be easy for me, nor would it be desirable, to enter 

into a critical estimate of the value of the papers that have 
been submitted to us during the Session that is past, and their 
bearings upon the progress of science in this country ; yet it may 
not be out of place to say that they will contrast favourably with 
those issued by kindred societies in other parts of the world, and 
quite justify the impression that under the present administration 
of the Society’s affairs still greater results in the future will a 
obtained. 
Those who have taken part i in our stables cannot fail to have 
observed that some of our physicists have dealt, and successfully 
dealt, with problems of surpassing difficulty, requiring for their 
solution the utmost resources of mathematical analysis, and the | 
results thus obtained with so much thought and labour constitute 
real advances in the progress of science, which will at once facilitate 
_ the work and guide the steps of future inquirers. Others, again, of 
our physicists have preferred to investigate the causes of some of 
the grandest phenomena of nature by the aid of experiments of 
extreme simplicity, but not on that account less fruitful in results, 
and have shown to us that costly and elaborate apparatus and 
laboratories filled with mechanical resources are not indispensable 
for lifting the veil from the secrets of nature, when the investigator 
is guided by the zeal which animates and the disinterestedness 
which pursues truth as its own highest reward. 

With regard to the biological papers of this and past Sessions— 
many of which are of considerable value and interest, coming from 
what I may venture to call a distinguished school of biology which 
has grown up among us—I may remind the Society of the services of © 
Dr John Murray, Director of the “Challenger” Expedition Com- 
mission, through whom, directly and indirectly, much valuable 
material has been contributed to our publications. From my own 
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point of view this has been very gratifying, because it has happened 
within my recollection as a Fellow of the Society that, owing to the 
entire absence of such papers one of the Society’s important prizes 
(the Neill Prize) could not be awarded ; while now the Council — 
sometimes experience a difficulty in one, or @ series, 
of many papers of great excellence for this distinction. — | 

It is particularly gratifying to remark on an occasion like this, 
the excellent work now being done by the younger Fellows of the 
Society, who are rising into notice, and I cannot but think it 
fortunate for science in Scotland, not only that we have such 
workers amongst us, but that our Society has the command of 
funds that have enabled it to publish Proceedings and Transactions 
with a liberality, and wealth of illustration, which has probably not 
been exceeded by any scientific Society throughout these realms. 
But, gentlemen, we have in our midst original thinkers engaged 
in active research, which can only be carried on at considerable — 
personal cost, but which it is quite beyond the province of this 
Society to meet, or even to mitigate; and in mentioning this, I 
cannot but regret that a Society holding the position of the Royal 
- Society of Edinburgh, should not be entrusted with a share of the 
Government annual grant for the prosecution of scientific research 
in this country. The distribution of even a small share by this 
Society among local applicants, or those residing in other parts of 
- Scotland, whose claims could be better considered here than by 
the judges of a distant tribunal, would, I feel assured, lead to the © 
best results. Hitherto the difficulty may have been a want of 
information on the part of the London Committee in charge of 
the fund, as to the applicants from Scotland, and the nature of 
their work, and hence, no doubt, their refusal in many cases to give 
grants in aid of investigations which would have been of real service. 
But there would be little or no difficulty were a committee of this 
Society empowered to deal with such applications; and I trust 
that a strong effort will be made in the proper quarter to bring 
about an arrangement so desirable, as I am satisfied it would confer 
a positive benefit upon science at large. | 

As an office-bearer and member of Council, now of some years’ 
standing, I have taken but a very small personal share in the work | 


of the Society, and on that account I am, perhaps, all the more 
VOL. XIII. | 38 
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privileged to refer to the services of others. There never was a 
time probably in the history of the Society when there was so 

much activity in the executive Council, the members of which are 
- carrying on the Society’s affairs with a zeal and discrimination which 
it is not the lot of all societies to experience. But beyond all 
question, the recent and present prosperity of the Royai Society of 
Edinburgh is mainly due to the distinguished services of our much- 
esteemed General Secretary, Professor Tait. Besides giving the 
Society the fruits of his own brilliant research in the many papers ~ 
contributed by himself during every Session, he has by his great 
tact and administrative ability, gathered around him a band of 
fellow labourers, well chosen and effective; and so long as such 


services are given, so long the Society’s influence will continue to be 
~ felt both at home and abroad. | 


a 
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Donations to the of the Royal Society from 
1884 to 1886. 


TRANSACTIONS AND PROCEEDINGS OF LEARNED SocrerrEs, 
ACADEMIES, Xe. 


Adelaide.—Transactions and Proceedings of the Adelaide Philosophical 
Society. Vols. VII.-VIIL., 1883-85. 8vo. 
University Calendar for 1886. 
American Association for the Advancement of Science.—32nd Meetin 9 
(Minneapolis) 1883. 
33rd Meeting (Philadelphia) 1884, 8vo. 
Amsterdam.—Verhandelingen der Kon. Akademie van Wetenechappen. 
Afd. Natuurkunde, Dl. XXIV., 1886. Afd, Letterkunde, Dl. 
XVI., 1886. Verslagen en Mededeelingen, Naturkunde, 2° 
Rks., Dl. XIX., XX., 1884; 3¢ Rks., Dl. I., 1885. Letter- 
kunde, 3° Rks., Dl. I.-ITI., 1884-85. Processen Verbaal, 1881-— 
83. Jaarboeck, 1884. Poemata Latina, 1883. Catalogus der 
Boekerij der Akad. 
Kon. Zoologisch Genootschap “ Natura Artis Mesistes “2 Tijdschrift 
Jaarg. V. 1, 1884. Bijdragen, 12° Aflev. 3, 13¢ Aflev. 1885-86. 
Wiskundig Genootschap, Dl. II., 1884-86. Nieuw Archief voor 
Wiskunde XII., 1, 2, 1886. 
Flora Batava: Afbeelding en Beschrijving van Nederlandsche 
Gewassen. Voortgezet door F. W. Van Eedden. 266-274 
- Afleveringen, 1882-84, 1884-86.—From the King of Holland. | 
Annapolis.—Annual Register of the United States Naval Academy. 8vo. 
Baltimore—John Hopkins University —The American Journal of 
Mathematics. Professor Newcomb (Editor-in-chief). Vols. 
1884, 1885, 1886. 
The American Chemical Journal, Edited by Professor Remsen. 
Vol. VII. 1885 ; Vol. VIII. 1886. 
The American J ournal of Philology. Edited by Professor Gilder- 
sleeve. Vol. VI. 1885; Vol. VII. 1886. : 
Studies from the Biological Laboratory of the John Hopkins 
University. Vol. II]. 1884-87. 8vo. | 
University Studies in Historical and Political Science. 3rd, 4th, 
and 5th Ser. Vol. I. 1885-87. 
University Circulars and Annual Reports. 
Basel.—Verhandlungen der Naturforschenden Gesellschaft. Bd. VI. 
1884. 8vo. Bd. VII. 1885; Bd. VIII. 1886. 8vo. 
Batavia, The Observatory. Observations made at the Magnetical and 
Meteorological Observatory at Batavia. Vol. VI. Parts 1, 2. 
1885. 
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Batavia,— Regenwaarnemingen in | Nederlandsch Indie, 6° Jaarg. 1884. 
8vo. 
The Batavian Society’ of Arts and Sciences. —sVerhandelingen 
van het Bataviaasch Genootschap van Kunsten en Wetens- 
chappen. Deel XLV. 1885. 8vo. 
Natuurkundig Tijdschrift voor Nederlandsch Indie uitgeven door 
de Kon. Natuurkundige Vereeniging. 1884-85. 8vo. 


Tijdschrift voor Indische Taal-Land-en Volkenkunde. Deel 
XXIX.-XXXI. 1884-85. 8vo. 


Notulen, Deel XXII., XXIII. 1884-85. 


Belfast.—Proceedings of the N atural History and Philosophical Society 
for 1884-85, 1885-86. 


- Bergen.—Myzostomernes Anatomi og Histologi af F. Nansen. Fol. 1885. 


Museums Aarsberetning for 1885. 8vo. 

Berlin.—Abhandlungen der K6niglichen Akademie der Tr, 
1884. —Sitzungsberichte, 1884-86. 8vo. 

Fortschritte der Physik in Jahren 1878, 1879. Dargestellt von 
der physikalischen Gesellschaft zu Berlin. 1% Abtheil—Physik, 
Akustik, Optik. 2% Abtheil. —Wirmelehre, Elektricitatslehre, 
Physik der Erde. 8vo. Berlin.—From the Society. | 

Zeitschrift der Deutschen Meteorologischen Gesellschaft. Nos. 5, 
6, 7, 8. 1885-86. 8vo. 

Ergebnisse der Meteorologischen Beobachtungen im Jahre 1885. 


Herausgegeben von dem  Preussischen 
Institut. 4to. 


Konigliche Technische Hochschule : Rede, 1886. Ato. 


Bern. —Beitviige zur geologischen Karte der Schweiz, XVIII° Lief. 


Description Géologique des Territoires de Vaud, Fribourg, 
Berne. 1881. 4to.—From the Commission Fédérale ‘Glologique. 

Mittheilungen der Naturforschenden Gesellschaft in Bern, 1884, 
1885. 8vo. 


Berwickshire-—Berwickshire Naturalists’ Club, Proceedings of. Vol. X. 
3. Vol. XI. 1. 1885. 8vo, 
Birmingham.—Proceedings of the Birmingham Philosophical Society, 
Vol. IV. Pt. 2; Vol. V. Pt. 1. 1884-85. 8vo. | 
Bologna.—Memorie dell” Accademia delle Scienze dell’ Istituto di 
Bologna. Series IV. Tom. V. 1883. 4to. 
Bombay. —Archeological Survey of Western India. 4to. 
Journal of the Bombay Branch of the Royal Asiatic Society. Vols. 
XVI., XVII. General Index and Historical Sketch. 1884-86. 
Magnetical and Meteorological Observations made at the Govern- 
ment Observatory for 1884. Bombay. 4to. 


-Bonn.—Verhandlungen des Naturhistorischen Vereines der Preussischen 


Rheinlande und Westfalens. 1884-86. 8vo. 


Bordeauaz.—Mémoires de la Société des Sciences Physiques et Naturelles. 
3° Sér. Tom. I. 1884; Tom. II. 1885. | 


Observations Pluviométriques et Thermométriques dans la 
Gironde. 
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Bordeaux. —Rapports sur ion Orages de 1883 et 1884. | 
 Bulletinsdela Société deGéographieCommerciale. 1884-85. 8vo. 
Boston.—Memoirs of the Boston Society of Natural History. Vol. Ill 
Nos. 11, 12, 13, 1885-86. 4to. 
Proceedings of the Boston Society of Natural History. Vols. 
XXII, XXIII. 1883-86. 8vo. | 
Proceedings of the American Academy of Arts and tielaiines, 
Vols. XX., XXI. 1884-86. 
Brera.—See Milan. 
British Association for the Aliiaiatinens of Science. —Reports of the Meet- 
ings at Montreal and Aberdeen. 1884-85. 
Brunsweck.—Jahresbericht des Vereins fiir Naturwissenschatft. 
Brussels—Bulletin de Académie Royale des Sciences, des Lettres, et des 
Beaux-Arts de Belgique. Tomes LII-LV. 1883-86. 8vo. 
Mémoires de l’Académie Royale des Sciences, des Lettres, et des 
Beaux-Arts de Belgique. Tome XLV., 1883 ; XLVI., 1884. 4to. 
Mémoires Couronnés et Autres Mémoires publiés par Académie 
Royale des Sciences, &c., de Belgique. Tomes XXXVI. 1884. 
Mémoires Couronnés et Mémoires des Savants Etrangers publiés 
par l’Académie Royale des Sciences, &e., de Belgique. Tomes 
XLVI. 1884. 4to. 
Biographie Nationale. Tome VIII. 1883-84. 
Annuaire de l’Académie Royale. Années. 1885-87. 8vo. 
ee de l’Astronomie, par M. Houzeau. Bruxelles, 1882. 


Perse. de l’Observatoire Royal. Nouv. Sér. Annales Astrono- 
-Miques. 1884-85. 4to.—Annales Météorologiques. Tome I. 
1881. 4to. 
Annuaire de l’Observatoire Année, 1886. 8vo. 
Annales de la Société Scientifique de Bruxelles, 6° et 7° Années, 
1884-85. 8vo.—From the Society. | 
Bucharest.—Academia Romana. Extrasu din Analele, Memorie si Notite. 
1884-86. Also Documents relating to the History of 
Roumania, and Translations of the Latin Classical Authors into 
Roumanian—a Roumanian and Latin Dictionary, Miron 
Costin, opere complete. Tomul I. 1886, &c. 
Buda-Pesth.—Konigl. Ungarische Naturwissenschaftliche Gesellschaft, 
Berichte, Bd. I. 1882-83; Bd. II. 1883-84.; Bd. III. 1885. 8vo. 
Ertekezesek. kotet VII.-XV, 1881-86, Bulletins, 4-5, 1885-86, 
and other publications of the Magyar Academy. 
-Mathematische und naturwissenschaftliche Berichte aus Ungarn. 
Bd. ITT. 1885. 
Ungarische Revue, 1885-86. | 
Buenos-Atres.— Description physique de la République Argentine, par le 
Dr H. Burmeister. 
Anales de la Oficina Meteorologica Argentina. Tom. IV. 1884. 
Calcutta—Astatic Society of Bengal.—Proceedings of the Asiatic Society 
of Bengal for 1884-86. 8vo. 
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Calcutta.—Journal of the Asiatic Society of Bengal for 1884-86. 8v0. 
See Indian Government. 
Hand List of Mollusca in the Indian Museum. By G. Nevill. 
Pt. 2—Gasteropoda. 
California.—Bulletins of the California Academy of Sciences. 1886. 
State Mining Bureau. Annual Reports, 1884, 1885. 
Cambridge.—Transactions of the Philosophical Society. Vol. XIV. 
: Pts. 1 and 2. 1885-87. 4to.—Proceedings, 1883-86. 8vo. 
Cambridge (U.S.)\—Harvard College —Annual Reports of the Curator of 
the Museum of Comparative Zoology at Harvard College. 
1885-86. 
Bulletin of the Museum of Comparative Zoology at Harvard 
College. Vols. XI., XII., XIII. 1885-86. 8vo. | 
Memoirs of the Museum of Comparative Zoology at Harvard 
— College. Vols. X., XI. 1885. 4to. Vol. XIV. Pt. 1—Pelagic 
Stages of Young Fishes, by R.S. A. Agassiz and C. O. Whit- 
man, 
- Memoirs of the American Academy of Arts and Sciences. Cen- 
tennial Volume. Vols. X., XI. 1885.—Proceedings. 1884-86. 
Annals of the Astronomical Observatory at Harvard College. 
Vol. XIV. Observations with Photometer, 1885. Vol. XV. Pt. 
1—Catalogue of 1213 Stars observed within the Meridian Circle, — 
1870 to 1879, by W. A. Rogers. Vol. XVI <~Otnerrations of 
Fundamental Stars, 1870 to 1886. . 
Thirty-ninth Annual Report of the Director of the Astronomical 
Observatory of Harvard rata By E. C. Pickering. 1885. 
8vo. | 
Canada.—The Royal Society of Canada. Vols. I-III. 1883-86. 
Geological Survey of Canada. Reports of Progress, 1882-1885. 
8v0.—From the Government of the Dominion. 
Contributions to Canadian Palzontology. Vol. I. By J. F. 
‘Whiteaves. 
Descriptive Catalogue of the Economic Minerals of Canada. 1886. 
Cape of Good Hope.—Catalogue of 4810 Stars for the Epoch 1850, from 
Observations mace during 1849-52. By David Gill, LL.D. 
Results of Meridian Observations during 1879, 1880, 1881. 
(David Gill, LL.D.) Observations of the Great Comet, 1882, IT. 
Cassel.—Bericht des Vereins fiir Naturkunde fiir 1888-84. 8vo. | 
Catania.—Atti dell’ Accademia Gioenia di Scienze Naturali. Ser. 3”. 
Tom. XVIII. 1885 ; Tom. XIX. 1886. 4to. 
Ueylon Government.—The Lepidoptera of Ceylon. Part II. By F. Moore, 
F.Z.S. 1885. 4to. 
Chemnitz.—Bericht der Naturwissenschaftlichen Gesellschaft. 
Cherbourg.— Mémoires de la Société Nationale des Sciences Naturelles et 
Mathématiques, Tome XXIV. 1884. 8vo. 
Chicago.—Annual Reports of the Board of Directors of the Chicago 


Astronomical Society and of the Dearborn Observatory. 1884- 
1885. 8vo, 
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Christtania.—Den Norske Nordhavs-Expedition. 1883-86. 
VIII. Zoologi. Mollusca. II., ved Herman Friele. 1886. 4to. 
Zoologi. Crustacea, ved G. O. Sars, 1885, 1886.—From the 
Norske Gradmalings Kommission. Dreiecknetz, 1885. 
Vanstands-Observationer, 1885. 
J des Norwegischen Instituts fiir 1877- 
1884, 
Nyt Migiatn.; Bd. 28, 29, 30. 1883-86. 8vo. 
Archiv for Mathematik og Naturvid enskab, Bd. VIIL., 3-4; Ba. 
Bd. X., 1-4. 1883-86. 8vo. 
Viridarium ‘Norwegicum : et Bidrag til Noni, —Europas Natur og | 
Culturhistorie. 1° Bd. 1885. 
_ Antinoos, eine kunstarchiologische Untersuchung. 1884, 8vo. 
Lakis kratere og Lavastromme. 1886. 4to. 
Cincinnatt.—The Journal of the Cincinnati Society of Natural History 
Vols, VIITL., IX. 1885-87. 
Uniwwersity of Cincinnati.—Publications of the Observatory: 
Observations of Comets, 1883. 8vo. . . : 
Colorado.—Proceedings of the Colorado Scientific Society. Vol. 1883- 
(1884. 
Connecticut.—Transactions of the Commestiont Academy of Arts and 
Sciences. Vol. VI. 1884-85. Vol. VII., pt.1. 1886. 8vo. | 
Copenhagen.—Mémoires de YAcadémie Royale de Copenhague. Classe 
des Sciences. 6 Série. Vol. I. No. 11; Vol. II. Nos. 7-11, 
1885-86. Vol. III. 1-4, 1885. Vol. IV. 1-2, 1886. 
Oversigt over det Kongelige Danske Videnskabernes Selkabs 
| Forhandlin ger. 1885-86. 8vo. 
Cordoba (Republica Argentina).—RBoletin de la Academia Nacional de 
Ciencias de la Republica Argentina. Tom. V.-VI I. 1883- 
1885. 
Informe oficial de la Comision scientifica mde la Expedicion al 
Rio Negro. Tom. V. Entrega 2. 1884. Folio. . 
Resultados de la Oficina Meteorologica Angyins, del ano 1874. 


Tom. V. 4to. 
Resultados del Observatorio Nacional ire ntino. Vol. XIV. 
4vo. 


minadas en el Observatorio Nacional. | 
Cornwall.—Transactions of the Royal Geological Society of Cornwall. 
| Vol. X. Pts. 4-6. 
Dantzig.—Schriften der Naturforschenden Gesellschaft. Ba. VI. 1885- 
1886. 
Die Flora des Bernsteins und ihre Beziehungen zur Flora der 
- ‘Tertiirformation und der Gegenwart, von H. R. Goeppert, A. 
Menge, und H. Conwentz. Bde. I., 11. 1883-86. 4to. 
Davenport. —Proceedings of Academy of Natural Sciences. Vol. IV. 
1886. 


| | 
| 
| 
| Catalogo General.—Posiciones medias de Kstrellas Australes deter- | 
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Delft.—Annales de l’Ecole Polytechnique, 1-4° Liv. 1885-86. 4to. 
Dorpat.—Inaugural Dissertations 1884, 1885, 1886. 
Meteorologische Beobachtungen. 1886. 8vo. 
Dublin.—Royal Irish Academy Proceedings (Science). Series II. Vol. 
IV. 1885-86. (Polite Literature and Antiquities.) Series IT. 
II. Nos. 5, 6,7. 1885-6. 
Todd Lectures, Vol. II. Pt. 1; Irish Laxisoariphy, 1885. 
_ Transactions of the Royal Irish Academy (Science). Vol. XXVIII. 
Nos. XVIIL-XXV. 1884-86. 4to. (Polite Literature and 
Antiquities.) Vol. XXVII., 7,8. 1886. 
Irish MS. Series. Vol. I. Pt. 1 : | 
Cunningham Memoirs. Nos. IL, Ill. 1886. 4to | 
The Scientific Proceedings of the Royal Dublin Society. (New 
Series.) Vols. IV., V. 1884-86. 
The Scientific Transactions of the Royal Dublin Society. Vol. 
III. Nos. 4, 5, 6—Coleoptera of Hawaiian Islands. 
Journal of the Royal Geological Society of Ireland. Vol. XVI. 
1886.—F'rom the Socvety. 
Dunecht Observatory.—Vol. III. Mauritius Expedition, 1874. Division 
[1.—Determinations of Longitude and Latitude, 1885. | 
Dunsink (Dublin).—Astronomical Observations and Researches made at 
-Dunsink. 5th Part. 1884.—F'rom the Observatory. 
Edinburgh.—Transactions of the Royal Scottish Society of Arts. Vol. 
XI. 1883-85. 8vo. 
Annual Reports of the Council of the Royal Scottish eran of 
Painting, Sculpture, and Architecture. 1885, 1886. | 
Edinburgh Astronomical Observations. Vol. XV. 1878-86. 
= Catalogue, Discussion and Ephemeris for 1830 to 1890, 
bh_94h R.A. 
Highland and Agricultural Society of Scotland’s Transactions. 
4th Series. Vol. XVII. 1885. 8vo. 
Transactions and Proceedings of the Botanical Society. Vol. 
XVII. 1885. 8vo. 
Scottish Geographical Society. Vols. L,I. 1885-86. 8vo. 
Transactions of the Edinburgh Geological Society. Vol. IV. 
Part 3; Vol. V. Pts. 1 and 2. 1883-87. 8vo. 
Proceedings of the Edinburgh Mathematical Society. 2nd Sess, 


1883-84. Svo. 

Journal of the Scottish Meteorological Society for 1885. 
8vo. 

Proceedings of the Royal Physical Society. Sessions 1884-85, 
1885-86. 8vo. 


Monthly and Quarterly Returns of the Births, Deaths, and Mar- 


riages registered in Scotland. 1885, 1886.—From the Registrar- 
General. 


Edinburgh University Calendar for Sessions 1885-86, 1886-87. 
8vo. 


Ekatherinebourg.—Bulletin de la Société Ouralienne d’Amateurs des 
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Sciences Naturelles. Tome V. Livr. 6. 1882. (In Russian 
and French.) | 
Erlangen University.—Inaugural Dissertations. 1884-86. 
Physicalisch-Medicalische Societét. Hft. 16, 17, 18. 1884-86. 
Essex Institute (U.S.).—See Salem. 


Frankfurt-a-M.—Abhandlungen herausgegeben von der Senckenberg- 


ischen Naturforschenden Gesellschaft. Bd. XIV. 1886. 
Ato. 
Berichte iiber die zische Naturforschende Gesellschaft. 
Bde. fiir 1884-85. 8vo. 
Algerien u. Tuniz, von Dr W. Kohelt. 1885. 
Geneva.—Mémoires de la Société de Physique et d’Histoire Naturelle de 
Geneve. Tome XXIX. Pt. 1. 1884-85. 


- Genoa.—Arnali del Museo Civico di Storia Naturale. I] Marchese G. 


Doria, Direttore. Vol. XXII. 1885. 8vo. 
Glasgow.—Proceedings of the Philosophical Society of Glasgow. Vols. 
XVI. 1884-85; XVII. 1885-86. 
Transactions of the Geological Society of Glasgow. Vol. VIIL. 


1886. 8vo. 
Giessen.—Berichte des Oberhess. Gesellschaft fiir Natur-und Heilkunde. 
1883. 8vo. 


Géttingen.—Abhandlungen der Konig]. Gesellschaft der Wissen schaften. 
Bde. XXXI. 1884; XXXII.1885. | 
Nachrichten von der K. Gesellschaft der Wissenschaften und der_ 
Georg-Augustus-Universtat, aus den Jahren 1884-85. 8vo. 
Gebehrte anzeigen, 1885-86. 
Graz.—Mittheilungen des Naturwissenschaftlichen Vereines fiir Steier- 
mnark. Jahrg. 1882-83. 8vo. 
Greenwich. Spectroscopic and Photographic Results. 1883-84. (Royal 
Observatory, Greenwich). 4to. 
Astronomical, Magnetical, and Meteorological Observations, 1883, 
1884. 4to. | 
Diagrams representing Diurnal Change in Magnitude and Direc- 
tion of the Magnetic chia in the Horizontal Plane for 1841 to 
1876. to. 
Haarlem.—Archives Néerlandaises des Sciences Exactes et Naturelles, 
publiées par la Société Hollandaise de Harlem. Tomes XX,- 
XXI. 1885-87. 8vo.—F rom the Socrety. 
Archives du Musée Teyler. Serie II. 1885-86. 
Teyler’s Tweede Genootschap. Nieuwe Reeks I., II., and Atlas. 
Teyler’s Godgeleerd Genootschap. N. Serie, elfde Deel. 1885. 


Halifax.—Proceedings of the Yorkshire Geological and 


Society. Vol. VIII. 1884. 8vo. 
Proceedings and Transactions of the Nova Siiites Institute of 
Natural Science. Vol. VI. 1883-85. 
Halle.—Nova Acta Academiz Caesareae Leopodino-Carolinae Germanicae 
_ Naturae Curiosorum. Tom. XLV. 1884; XLVI. 1884. 
XLVITI. 1885. XLVIII. 1886. 4to. 
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Halle.—Leopoldina, amtliches Organ der K. Leopold - Carolinisch - 
Deutschen Akademie der Naturforscher. Hft. XIX.—XXI. 
1883-85. 4to. | 

Abhandlungen der Navaitiencbenden Gesellschaft. Bd. XVI. 
1885. 4to. 
Mittheilungen des Vereines fiir Erdkunde, 1884, 1885, 1886. 
Bericht iiber die Sitzungen der Naturforechenden Gesellschatt, 
1885. 8vo. 

Hamburg.—Abhandlungen aus dem Gebiete der Naturwissenschaften vom 
Natururwissenschaftlichen Verein. Bde. VIII.-IX. 1884-86. 

Verein fiir Wissenschaftliche Unterhaltung. Bd. V. 1878-82. 

Helsingfors.—Acta Societatis Scientiarum Fennicae. Tom. XII. 1883. 

Notiser ur Sallskapets pro Fauna et Flora ‘Fennica Forhand- 
lingar. Ny Serie. Hialft. 5. 

Beobachtungen iiber die Periodischen Erscheinungen des Pflan- 
zenlebens in Finland. Von Dr A. O. Kihlman. 1883. 4to. — 

Ofversigt af Finska Vetenskaps-Societens Forhandlingar. 1883- 
1886. 8vo. 

Observations Météorologiques, publides par la Société des Sciences 
de Finlande. Années, 1880, 1882, 1883. Fol. 

Bidrag til Kannedom af Finlands Natur och Folk, utgifna af 
Finska Vetenskaps-Societeten. Haft. 37-43. 1881-86. 8vo. 

Hongkong Observatory.—Observations and Researches, W. Doberk, in 
1884. Fol. 

Magnetic Observations 1886. Fol. 

Indian Government, Calcutta.—Records of the Geological Survey of India. 
Vols. XVIII. 1885 ; XIX. 1886 ; XX. 1887. 

Memoirs of the Geological Survey of India. Vol. XXI. 1885. 
Paleontologia Indica. Ser. TV. Indian Preetertian Vertebrata. 
Series X. Vol. III. 4.—The Labyrinthodent. Pts. 7, 8.— 
Crocodilia, Laertilia,and Ophidia. 1886. Vol. IV.1.—Mammalia, 
supplement. 1886. Series XII. Vol. IV. Fossil Flora of 
Bengal Coalfields, 1886. Series XIII. Productus Limestone 
Fossils, 1886. Series XIV. I. 3. 1886. 
Catalogues of the Siwalik Pleistocene and Prehistoric Vertebrata 
in the Indian Museum. | 
The Indian Antiquary; a Journal of Oriental Research. 1885-86. 
The Flora of British India. By Sir J.D. Hooker, M.D. Parts 
X.-XIII. 1883-86. 
— Scientific Results of the Yarkand Mission—Araneidea. , by Rev. O. 
P. Cambridge, 1885. 

Japan.—Transactions of the Seismological Society. Vols. VIII, IX. 
1885-86. 

Memoirs of the Science Department of the University of Tokio. 

Measurement of Force of Gravity. at Naha, Kagoshima, and 
Benin Island, 1884-85. 

Mittheilungen der deutschen Gesellschaft tiir Natur- und Vélker- _ 
kunde Ostasiens zu Yokohama. Bd. IV. 35. 1885. 
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Jena.—Jenaische Zeitschrift fiir Naturwissenschaft, herausgeben von der 
Medicinish-Naturwissenschaftlichen Gesellschaft zu Jena. Bde. 

XVIII., XIX. 1885-86. 8vo. | 

Kasan. —Isvestia i i Ouchenui Sapiski Imperatorskago Kasanskago Uni- 

versiteta. 1883-86. 8vo. 

Kew.—Kew Observatory Report for 1885-86. 8vo.. 

Kiel.—Schriften der Universtit zu Kiel. Inaugural : University Disser- 

tations. 1884-85. Inaugural Dissertations, 1886. . 

Kiev University.— Universitetskiya Isvaistiya, 1885-86. 

Lausanne.—Bulletin de la Soci¢té Vaudoise des Sciences Naturelles. 

gde Série. Vol. XXI. 1885-86. 8vo. 

Lveds.—Philosophical and Literary Society Reports, 1884-85, 1885-86. 

Letpzig.—Berichte iiber die Verhandlungen der Konigl. Sichsischen 

Gesellschaft der Wissenchaften. “Math. Phys. Classe. 1884-86. 
8vo.—Philologisch-Historische Classe. 1884-86. 
Abhandlungen der Math.-Physischen Classe. Bd. XII. Nos. 7-9. 
XIII. 1885-86.—Phil. Hist. Classe. Bd. X. 1885. 8vo. 
Preisschriften gekront u. herausgegeben von der Fiirstlich Jab- 
lonowski’schen Gesellschaft. Fliichen vierter 
8vo. 
Sitzungsberichte der Naturforschenden Gesellschaft. 1885.  8vo. 

Leyden.— University.—Inaugural Dissertations. _ 

Nederlandsche Dierkundige Vereenigings Tijdschrift. 1885. 

Lille-—Société Géologique du Nord. Annales XI., XII. 1883-85. 

Svo. 
Liverpool.—Proceedings of the Literary and Philosophical Society. Vol. 
XXXVIII.-XL. 1883-86. 8vo. 

Lisbon.—Boletin da Sociedade de Geographia. 1885-86. 

_ London.—Proceedings of the Society of Antiquaries. Vols. X., XI. 

1884-86.—Archeologia ; or Miscellaneous Tracts relating to 
Antiquity.. Vols. XLVIII., XLIX. 1885. 4to. 

Journal of the Authiveclosiod’ Institute of Great Britain and 
Ireland. Vols. XIV., XV., XVI. 1885-86. &vo. 

Journal of the Society of Arts. 1885-86. 8vo.—F rom the Society. 

Journal of the Royal Asiatic Society of Great Britain and Ireland. 
1885-86. 

Nautical Almanac and Astronomical Ephemeris for the Years 
1887, 1888, 1889, 1890.—From the Lords of the Admiralty. 

Monthly Notices of the Royal Astronomical Society. Vols. 
XLY., XLVI. 1885-86. 8vo.—Memoirs of the Royal aa 
noinioal Society, Vol. XLVIII. 2. 1885. 4to. 

Reports of the Scientific Results of the Exploring Toseet of 
H.M.S. “Challenger.” Vols. XJ.-XIX. 1885-87. 4to.—From 
the Lords of the Treasury. 

Journal and Abstracts of Proceedings of the Chemical Society. 

1885-86. 8vo.—F'rom the Socrety. 

Transactions of the Clinical Society of London. Vols, XVII. 
1885 ; XIX. 1886.—From the Society. 
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London.—Minutes of Proceedings of the Institution of Civil Engineers, 
Vols. LKXIX.-LXXXVII. 1884-86. 8vo. 
Institution of Mechanical Engineers, Proceedings. 1884-86. 


Proceedings of the Royal Geographical Society. New Series. 
Vols. VII., VIII. 1885-86. 


Quarterly J ournal of the Geological Society. Vols. XL. 1885; 
XLIT. 1886. 


Proceedings of the Geologists’ Association. Vol. IX. 1885-86. 
Journal of of the East Indian Association. Vols. XVII., XVIII. 


1885-86. 8vo. 
Journal of the Linnean Zoology. 1884-86. 
1884-86. 


The Transactions of the Linnean Society. Second aides Botany. 
Vol. II. 1882-84. Zoology. Vols. II., IJ]. 1885. 4to. 
_ Transactions of the Royal Society of Literature. Second Series. 
Vol. XIII. Pt. 1. 1883. 8vo. 
Proceedings of the London Mathematical Society. 1885-86. 
| 
Medical and Chirurgical Transactions published by the Royal 
Medical and Chirurgical Society. Vols. LXVIII., LXIX. 
1885-86. 8vo.—Proceedings of the Roval Medical and Chirur- 
gical Society. New Series. Vol. I. 1885-86. 
Quarterly Journal of the Meteorological Society. 1885-86. 8vo. 
Meteorological Soctety—The Meteorological Record: Monthly 
~ Returns of Observations made at the Stations of the 
Meteorological Society. Nos. 15-22. 1885-86. 
Report of the Meteorological Council to the Royal Society. 
—Contributions to Knowledge of Meteorology of the 
Arctic Regions. Pt. 4. 4to. 1885. Report for Year 
ending 3lst March 1886. 


Report of International Meteorological Committee (Paris). 
1885. 8vo. 


Quarterly Weather Report of the Meteorological Office. 
New Series. For 1877-78. 4to. 

Meteorological Observations at’ Stations of Second Grders, 
for 1884. 4to. 

Hourly Readings. 1883-84. 

Monthly Weather Report. 1885-86. 

Weekly Weather Report. 1885-87. 

Journal of the Royal Microscopical Society, containing its Trans- 


actions and Proceedings. NewSeries. Vols. V., VI. 1882-84. 
8vo. 


_ Statistical Deneck of the Health of the Navy for 1883, 1884.— 
From the Lords Commissioners of the Admiralty. 
The Mineralogical Magazine and Journal of the Mineralogical 
Society of Great Britain and Ireland. Nos. 28-33. 1885-86. 
8vo. 


British Museum.—-List of Cetacea, by W. H. Flower. 1885. 
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: "British Museum. —Catalogue of the Lizards. Vol. I. By G. A. Boulenger. 
1885. 
Catalogue of Fossil Mammalia. Pts. I.-IIJ. By R. Lydekker. © 
1885-86. 
Catalogue of the Paleozoic Plants, by R. Kidston. 1886. 
Catalogue of the Blastoidea, by R. Etheridge, jun. and P. B. 
Carpenter. 1886. 
A Guide to the Exhibition Galleries in the Departments of. 
Geology and Paleontology. 1886. 
Typical Specimens of Lepidoptera Heterocera. Pt. VI. By A. 
G. Butler. 1886. 
Catalogue of the Printed Maps, &. 2 vols. 1886. 
Catalogue of the Greek Coins of Crete and Augean Islands. 
1886. 
Subject lndex of Modern’ Books added to Museum in 1880-85. 
Catalogue of Bengal Printed Books, 1886. . 
Catalogue of the Fossil Mammalia. Pt. 1.—Primates, Chiroptera, 
Iusectivora, Carnivora, and Rodentia. 1885. 
Catalogue of the Passeriformes. Fringilliformes. Pt. II. 1886. 
Catalogue of the Greek Coins of Crete and the Augean esas in 
| the British Museum. 1886. 8vo. 
Transactions of the Pathological Society of London. Vols. 
XXXVI., XXXVIJI. 1885-86.—Proceedings, 1885-86. 8vo. 
Philosophical Transactions of the Royal Society. Vol.CLXXV. 
1884-86. —Proceedings of the Royal Society. Vols, XXXVILL,, 
XLI. 1884-86. 
Proceedings of the Royal Institution of Great Buitein. 1884-86. 
 —SFrom the Institution. 
Journal of the Statistical Society. Vols XLVIL, XLVIILI., 
XLIX. 1885-86. 8vo. And Catalogue of Library, 1886. 
Transactions of the Zoological Society of London. Vol. XI. Pt. 
10; Vol. XII. 1-3. . 1885-86. Ato.—Proceedings for the years | 
1885-86. 
University College.—Catalogue of the Books in the ny of. 
3 vols. 1879. 

Louvain.—Annuaires de l'Université de Louvain. 12mo. 
Liber Memorialis, 1887. 

Lund.—<Acta Universitatis Lundensis. Medicin: Tom. XXL "1884-85. 
Mathematik och Naturvetenskap : Tom. XIX.-X XJ. 1882-85. 
Philosophi, &. Tom. XIX.-XXI. 1883-85.—Riatts och 
Staatsvetenskap: Tom. XIX., XX. 1883-84.—Theologi : 
Tom. XIX., XX. 1882-84. 

Lyons.—Mémoires de Académie des Sciences, Belles-Lettres et Arts. 
Classe des Sciences, Tome XXVII. 1885.—Classe des Lettres, 
XXI., XXIL, XXIII. 1884-86. | 

Annales de la Société d’Agriculture, Histoire Naturelle, et Arts 
—Utiles. 5™me Séries, Tome V.-VIIT. 1881-85. 8vo. 
Annales de la Socicté Linncenne. ‘Tome XIX. 1882. 
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Lyons.—Musée Guimet. Annales, Tome VII.-IX.—Revue de l’Histoire 
| des Religions. Tomes V.-XIII. 1884-86. 
Cartulaire Lyonnais. Tomel. 4to. 
Histoire des Herbiers par Dr. Saint Lager. 1885. 
Madras.—Magnetical Observations made at H. E.I. Company’s Obser va- 
tory, 1851-55 to 1884. 
Telegraphic soasecanemmentanann of ‘Longitude. By N. R. Pogson. 
1884. 4to. | 
Archeological Survey of Southern India. Vol. II. 1884. 4to. 
Madrid.—Memorias de la Comision Geologica de — Provincia de 
 Guipiscoa, 1884. Zamora, 1883. 
Boletin de la Commission del Mapa Geologico ide Espafia. Tomo 
XI., XII. 1884-86.— From the Coinmission. | 
Academia de Ciencias.—Revista de los Progresos' de las Ciencias. 
Tomos XXI., XXII. 1886. 8vo. 
Manchester. —Transactions of the Manchester Geological Society. _ Vol. 
| XVIII. 1885-86.—From the Society. | 
Literary and Philosophical Society. Memoirs, 3rd Series, Vol. 
VIIl. 1664.--F roceedings. Vols, XXIII, XXIV. 1883-85. 
8vo. 
Marseilles, Bulletin de la Socidté Scientifique Industrielle, 1883-85, 
Milan. —Reale Istituto di Science e Lettere. Memorie: Classe di Lettere 
| Scienze Morali e Politiche. Vol. XV.-XVII. 1884-85.—. 
Classe di Scienze Mat.e Nat. Vol. XV. 1884 —Rendiconti. 
Vol. XVI, XVIT. 1883-84. 
Atti della Societ’ Italiana di Scienze Naturali. Vol. XXVL.- 
XXVIII. 1881-86. 8vo. 
Publicazioni del Reale Osservatorio di in! in Milano. XXV. 4to. 
Teoria degli Stromenti Ottici con applicazioni ai Telescopi, dal 
Dr Billoti. 1883. 


Atti della Societa Crittogamological Italiana. Vol. III. Disp. 4. 
1885. 8vo. 


- Modena.—Memorie della Regia Accademia ai Scienze Lettere ed Arti. 
Ser. IT. Tom. III. 1885. 4to. 
Atti della Societs dei Naturalisti. Ser. III. Vol. IL. -IV. 
1883-85. 
Rendiconti. Ser. III. Vol. 1I., Ii. 1883-84. 

Montpellier. Académie des Sciences et Lettres de Montpellier ; Mémoires 
de la Section des Sciences. Tome X. Fasc. 3. 1883-84.—Sec- 
tion des Lettres. Tome VII. Fasc. 1, 2, 3, 1883-86.—Section 
de Médecine. Tome V. Fasc. 3. 1883-84. Tome VI., 1, 1886. 

Montreal.—Royal Society of Canada. Vol. II. 1884. 

Moscow.—Annales de |’Observatoire de Moscou. 2° Ser. VolI. 1884. 
4to. 

Beilage zum Bulletin de la Société Imperiale des Naturalistes de 
Moscou. Meteorologische Beobachtungen, 1886. 8vo. 


Nouveaux Mémoires de la Société Impériale des Naturalistes de 
Moscou. Tome XV. 1884-85. 
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Moscow.—Bulletins de la Société Lastetals des Amis d’Histoire Naturelle, 
 @ Anthropologie, et d’Ethnographie. Tome XLV. 1, 2, 3. 1884. 
Munich.—A bhandlungen der k.Bayerischen Akademie der Wissenschaften 
der Mathematisch-Physikalischen Classe, Bd. XV. 1885.— 
Philosophisch-Philologische Classe, Bd. XVI. 1884-85.— 
Historische Classe, Bd. XVII. 1885.—Sitzungsberichte der 
Mathematisch-Physikalischen Classe der k. B. Akademie der 
Wissenschaften. 1884-85. — Der Philosophisch-Philol. und 
Historischen Classe, 1884-85. 
Monumenta}jTridentina, Hft. 1545. Miinchen. Ato. 
Miinchene Sternwarte. (Astronomische Bestimmung der Pol- 
hdhen, 1885. 4to. 
Naples—Memorie della R. Accademia delle Scienze Fisiche e mae 
matiche. Ser. III. Tom. V. 1885. 
Rendiconti della R. Accademia. 1883-86. 4to. 
- Mittheilungen aus der Zoologischen Station zu Neapel. Bde. V1., 
VII. 1885-86. 8vo. 
Neuchatel.—Bulletin de la Société des Sciences N de Neuchatel. 
Tome XIV. 1884. 
New York.—Bulletin of the American Museum of Natural History. 
1885-86. 8vo. 
Natural History of York. Paleontology. Vol. V. Pt, 1—Mono- 
myaria, by James Hall. Albany, 1879. 4to. 
American Geographical Society. Nos. 1-7. 1886. 8vo. 
Nijmegen.—Nederlandsch Kruidkundig Archief.—Verslagen en Mede- 
deelingen der Nederlandsche Botanische Vereeniging. 2° Serie. — 
4° Deel, 3°, 4¢ Stuk. 1884. 
Norwich. —Tranactions of the Norfolk and Norwich Naturalists’ Society, 
—. for 1880-82. Vol. III. Pts. 4, 5. 
Oberpfale und Regensburg. _—Verhandlungen des historischen Vereines. 
Bde. XXXVIII.-XL. 1885-86. 8vo. 
Odessa.—Zapiski Novorossiiskago Obshestva Es testvoispuitatelel. Tom. 
XI. 1886-87. 
Offenbach. —Verein fur Naturkunde ; Jahresbericht, 1883-84. 
Ohio.—Mechanics Institute. Vol. IL. 1883. | 
Oxford.—Results of Astronomical Observations at the Radcliffe Observa- 
tory. XXXIX.-XL. 1884-86. 8vo. 
Paris.—Comptes Rendus des Séances de l’Académie des Sciences. Dec. 
1884 to Dec. 1886. : 
Oeuvres completes de Laplace. Tome VII. 1887. 4to. 
Oeuvres completes d’Augustin Cauchy, publices sous la Direction 
de PAcadémie. Tome V. 1885. 
Comptes Rendus de l’Académie des inscriptions et Belles-Lettres, 
1884-85. 
Bulletins de la Société d’Anthropologie. 1885-86. | 
Annales de ’Ecole Normale Bupérieure. Tome XI. No. 4. 
1882. 
Annales des Mines. 1885-86. 
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Paris.—Bulletins des Séances de la Socicté Nationale d’Agriculture de 
France. 1885-86. 8vo. Memoires. Tome CXXX. 1886. 

Bulletin Hebdomadaire de Association Scientifique de France. 
1884-85.—F rom the Association. 7 

Bulletins de la Société de Géographie. Tom IV. 1885-86.— 
Comptes Rendus. 1885-86.—F rom the Society. 

Société Géologique de France.—Bulletins. 3¢ Série. Tomes X., 
XI.-XIV. 1884-86. —Mémoir es, 3° Serie. Tomes III, IV. 
1884-86. 

Annales Hydrographiques, 1885-86. _ 

Mission Scientifique du Cap Horn. 1882-83. Tome II. Météor- 
ologie. Tome III. Magnetisme terrestre. Constitution chim- 
ique de |’Atmosphere. 1886. 4to.—From Minister of Marine. 

Annales de PObservatoire de Paris. Rapport Annuel sur l’Etat 
de Observatoire de Faris par M. le Contre-amiral 
pour les Années 1884-85. 

Journal de Ecole Polytechnique. 54, 55 Cahiers. . 1884-85. 

Bulletins de la Société Mathématique de France. Tomes XIII, 
XIV. 1885-86. 8vo.—From the Society. 

Ministére de l’Instruction Publique. Dictionnaire de l’Ancienne 
Langue Frangaise et de tous ses Dialectes du IX° au XV° Siecle. 
Par Frédéric Godefroy. Fasc. 19 a 45. Paris, 4to. 

Museum d'Histoire Naturelle. Rapports Annuels de MM. les 
Professeurs et Chefs de Service—Nouvelles Archives du 

Muséum d’Histoire Naturelle. 2™¢ Série. Tomes VII.-IX. 
1884-86. | 

Observations météorologiques. 1880-81. 

Socicté Frangaise de Physique. Séances, 1884-86. Collection de 
Mémoires relatifs 4 la Physique. Tome I. Mémoires de 
Coulomb. 8vo. 1884. Tome II. et III. 8vo.—Mémoires 
sur l’Electrodynamique. 1885-87. | | 

Société Philomathique. Bulletins VIII.-X. 1884-86. 

Publications du Dépot de la Marine, 1885-86. Zi 

Société Zoologique. Bulletins 1884-86. 

Pennsylvanva.—Second. Geological Survey. A Set of the ro Reports, 

Perthshire.—Society of Natural History. Vol. I. Pts. 5-6. 1884-86." 

Philadelphia.—Proceedings of the American Philosophical Society for 
Promoting Useful Knowledge. Nos. 116-123. 1884-85. 8vo. 

Proceedings of the Academy of Natural Sciences for 1885-86.— 
Journal of the Academy of Natural Sciences. Vol. VIII. Pt. 4, 
4to. 

Poulkova.—Nicolai-Hauptsternwarte. Jahresbericht fiir 1882-83, 1883- 
84, 1884-85, 1885-86. 8vo. Zeitstern-ephemeriden auf das 
Jahr 1886. 

Prague. —Astronomische, Magnetisch e, and Meteorologische Beobach- 
| tungen an der K. K. Sternwarte zu Prag., in 1884 und 1885. 
Astronomische Beobachtungen, enthaltend original Zeichnungen 

des Mondes, von Prof. Weineck. 1886. 4to. 
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Prague. ifs der Kénigl Bohmischen Gesellschaft. Fol; ge VI. 
Bd. XII. 1883-84.—Sitszungsberichte. Jahrg. 1882-84. 
-Quebec.—Transactions of the Literary and Historical Society of Quebec. 
Sessions of 1882-83. 8vo. 
Queensland.—Its Resources and Institutions.. Vol. I. 1884. 8vo. | 
Rhineland and Westphalia.—Verhandlungen des Naturhistorischen 
Vereines der preussischen Rheinlande u. Westfalens. See Bonn. 
Rio de Janeiro.—Bulletin Astronomique et Metéorologique de l'Observa- 
toire Impérial. 1883. 4to. 
Rome.—Atti della R: Accademia dei Lincei. Transunti. Ser. IV. 
1884-86. Memorie. Olasse di Scienze Fis. Mat., e Nat. 
Serie ITI., Vol. XI.-XIX. 1882-84. 
Memorie della Societa degli Spettroscopisti Italiani, 1885-86. 8vo. 
Memorie dell’ Accademia Ponteficia dei Lincei, 1884. 4to.—Atti, 
1884-85. 8vo. | 
Rotterdam.-—Nieuwe Verhandelingen van het Bataafsch Genootschap der 
Proefondervindelijke 2° Reeks, 3° Deel, 2° 
Stuk. 
Rousdon Observatory.—Meteorological Observations for 1884-85. 
St Petersburgh.—Bulletins de ? Académie Impeériale des Sciences de St. 
Pétersbourg. Tomes XXIX.-XXXI., 1885-86.—Mémoires de 
l’Académie Impériale des Sciences. Tomes XXXII.-XXXIV. 
1885-86. 4to. 
Journal Russkago Phisico-Chimicheskago Obtschestva. Tom. 
XVII, XVIII. 1885-86. 8vo 
Bulletin de la Commission Polaire I nternationale, 4-6. 1883-84, 
Fol. 
Otchet Imperatorskago Geographicheskago Obtshestva. 
1883-84. 8vo. 
Annalen des Physicalischen Central yatorinme, Jahrg. 
1883-84, und Jahrg, 1885. 
Repertorium fiir Meteorologie, herausgegeben von der Kaiser- 
lichen Akademie der Wissenschaften. Bd. VIII. 1883. 8vo. 
Comité . Géologique. Bulletins, No. 1-7. 1884.—Mémoires. 
Vols. I1V.-V. 1885-86. 4to. 
Salem.—Essex Institute Historical Collections. Vols. XX.—XXII. 
1883-85. 
Bulletin of the Essex Institute. Vols. XV., XVI, XVII. 
1883-85. 
Peabody Academy of Science. Vol. IT. 1886. 
Shanghai.—Journal of the North China Branch of the Royal Asiatic — 
Society. New Series. Vol. XVII. Pt.2. 1884. 
Journal of the China Branch of the Royal Asiatic Society. N.S. 
Vols. XVIII-XX. 1884-85. 8vo. 
Singapore.—Magnetical Observations. 1841-45. By Capt. C. M. Elliot. 
Stockholm.—Astronomiska Jakttagelser. Bd. II. 8vo. 
Ofversigt af Kong. Vetenskaps Akademien Férhandlingar. 
Bd. XXXIX.-XL.—Handlingar. Ny Foljd. Bd. XIX. 1881. 
VOL. XIII. 3 T 
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Stockholm.—Bihang till Kong. Svenska Vetenskaps-Akademiens Hand- 
lingar. Bd. VI.-VIIT. 1882-84. 
Meteorologiska Jakttagelser i Sverige. 20°,21° Bd. 1878-79. 
Icones Selectae Hymenomycetum nondum delineatorum. 
IL. 7-10, 1885.—F'rom the Royal Swedish Academy. 
Strasbourg—Inaugural Dissertations. 1886. 
Stuttgart.—Jahreshefte des Vereins fiir vaterlindische Naturkunde in 
Wiirttemberg, Jahrg. 1884, 1885, 1886. 8vo. 
Switzerland—Nouveaux Mémoires de la Société Helvétique des Sciences 
Naturelles. Band X XIX. 1884-85. 
Comptes Rendus et Actes de la Société Helvétique des Sciences. 
Naturelles. | 
Résumé & Zurich 1883, 4 Lucerne 1883-84, & Locle 1885. 
Schweizerische Geodatische Commission. Nivellement de Pré- 
cision de laSuisse. 8° Liv. 1883. 
— Société Géologique Suisse. Revue XVI. 1886. 
_ Sydney—The Proceedings of the Linnean Society of New South Wales. 
Vols. X. Second Series. Vol. I. 1884-86. 8vo. 
Journal and Proceedings of the Royal Society of New South 
Wales. Vols. XVIII.-XIX 1884-85. 8vo. 
Asutralian Museum. Catalogue of the Hydroid Zoophytes. By 
W. M. Bale. 1884. 8vo.—Catalogue of the Echinodermata. 
Pt.1. By E. P. Ramsay, F.R.S.E.—Catalogue, with Notes of. 
Minerals) By A. F. Ratte. 1885. 
Tacubaya.—Observatorio Astronomico, Annuario 1886-87. 
Tasmania.—Proceedings of the Royal Society of Tasmania for 1885. 
8vo. 
Tiflis—Magnetische Beobachtungen. 1883-84. 
Beobachtungen der Temperatur des Sidbedens : in 1881, 1882, 
1883. 
Toronto—The Canadian Journal and Proceedings of the Canadian 
Institute. New Series. Vol. III. 1885. 
Toulouse.—Mémoires de Académie des Sciences, &. Tom. VI., 1884 ; 
VIL, 1885. 
Trieste—Bolletino della Societa Adriatica di Scienze Naturali. Vol. 
=1885-86. 
Tromsé.—Troms6 Museum Aarshefter. Nos. VI.-IX. 1884-86. 
Turin.—Memorie della Reale Accademia delle Scienze di Torino. Serie 
Seconda, Tom. XXV., 1883; XXVI., 1885. 4to.—Atti della 
R. Accademia delle Scienze di Torino. Vol. XX., XXI.- 
XXIL, 1885-87. 
Bolletino dell’ Osservatorio della Regia Universiti di Torino. 
Anni XVII., XVIII. 1882-83. 
Sulla possibilit’ che il vulcano di Krakatoa possa avere proiettate 
Materie fuori dell’? Atmosfera. 
Sulla frequenza dei venti inferiori desunta dalle osservazioni fatte 
dal 1866 al 1884. 
L’Ottica di Claudio Ptolomeo ridotta in Latino. 1885. 8vo. 
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Turin. —Effemeridi del Sole, della Luna, e dei Principali Pianeti per gli’ 
Anni 1886-87, 8vo. 
Bolletino dei Musei di Zoologia ed Anatomia comparata della R. 
Universita de Torino. Vol. I., 1-18. 1886. 8vo. 
Upsala.—Bulletin Météorologique Mensuel de l’Observatoire de l’Univer- 
sitéd’Upsal. Vols. XV., 1883; XVI., 1884. 4to. 


Nova Acta Regize Societatis Scientiarum Upsaliensis, Ser. 3%, 


Vols, XII., XIII. 1885-86. 

 Utrecht.—Verslag van het Verhandelde in de Provinciaal Utrechtsch 
. Genootschap van Kunsten en Wetenschappen, 1882-84.— 
Aanteekeningen van het Provinciaal Utrechtsch Genootschap. 
1884-85, 

De Verdiensten der Hollandsche Geleerden ten Opzichte van 
Harvey’s Leer van den Bloedsomloop, door A. H. Israels en 
C. E. Daniels. 1885. 


Venice.—Atti del Reale Istituto Veneto di Scienze, Lettere ed Arti 


Ser. VI. Tomi II., III. 1883-85. 


V ictoria.—Transactions and Proceedings of the Royal Society of Victoria . 


Vol. XXI. 1885. 
Statistical Register and Australian Statistics for the years 1884-86, 
with a Report by the Government Statist. 
Victorian Year-book for 1885. 
Vienna.—Denkschriften der Kais. Akademie der Wissenschaften. "Math. 
Naturwissenschaftliche Classe. Bd. XLVII.-L. 1883-85.— 
Philosophisch-historischeClasse. Bd. XXXIV.,XXXV. 1884-86. 
Sitzungsberichte der Math.-Naturwissenschaften Classe. Bde. 
LXXXVIII-XCII. 1884-86. Philosoph. Classe. 
Bde. CIV.-CXI. 1883-85. 
Almanach der K. Akademie der Wissenschaften fiir 1883-86. 
Oesterreichische Polarstation, Jan Mayen. Bde. I-III. 1882-83. 
Zeitschrift der Oecsterreichischen Gesellschaft fiir Metearologie. 
1884-85. 
Jahrbiicher der K. K. Central Anstalt fiir Meteorologie und 
Erdmagnetismus, Jahrg. Neue Folge; fiir 1883-84. 4to. 
Verhandlungen der K. K. Geologischen Reichsanstalt. 1884-86. 
Abhandlungen der K. K. Geologischen Reichsanstalt, Bd. XI. 
1883. 
Jahrbiicher der K. K. Geologischen Anstalt. Bde. XXXIV.- 
XXXVI. 1884-86. 
Verhandlungen der K. K. Zoologisch-Botanischen Gesellschaft. 
Bde. XXXTIL-XXXVI. 1884-86. 
Annalen der K. K. Naturhistorischen-Hofmuseums. Bd. I. 1886. 
Arbeiten aus dem Zoologischen Institute. Tom. I-VI. 1801-86. 
Virginia University. Annals of Mathematics. Vols. I., II. 1884-86. 
Warwick.—Proceedings of the Warwickshire Field Club. 1884-85. 8vo. 


Washington.—National Academy of Sciences. Proceedings. Vol. I. 


1884.—Memoirs. Vols. [.-III. 1884-86.—Bureau of Naviga- 
tion, Navy Department, Astronomical Papers. Vol. I. 1881. 4to. 
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W ashington.—United States Naval Observatory. Astronomical and Mete- 
orological Observations made during the years 1881-82. 4to. 

Astronomical Papers of the American Ephemeris and Nautical 
Almanac. Vols. IJ., III. 1884-85. 

Signal Service Office—War Department.—Report of the Chief 
Signal Officer, General W. B. Hazen, for 1883-84. 8vo.—. 
Professional Papers of the Signal Service. Nos. 13-18. 
1884-85. 

Second and Third Annual Reports of the Bureau of Ethnology to 

the Secretary of the Smithsonian Institution. 1881-82. 8vo. 

- United States International Exhibition. Vols. X., XI. 1884. 

American Geographical Society. Nos. 1-7. 1886. 

Third and Fourth Annual Reports of the United States Geological 
Survey. 1881-82, 1882-83. 8vo. | 

United States Geological Survey. Monographs. Vols. I.-IX. 
1882-83. 4to. | 

Bulletins. Nos. 1-29. 1883-86. 8vo. 

Reports of the Superintendent of the United States Coast and | 
Geodetic Survey during the Years 1884 and 1885. 4to. 

Philosophical Society. Bulletins. Vols. VIII., 1X. 1885-87. 

Smithsonian Miscellaneous Collections. Vols. XXII.-XXVII. 
1882-84. 8vo. | 

Smithsonian Contributions to Knowledge. Vols, XXIV., XXV. 

Smithsonian Reports for 1883, 1884. 8vo.— 

Bulletin of United States National Museum. No. 23. 1885. 

Proceedings of United States National Museum. Vol. III. 1880. 

Bulletin of the Philosophical Society of Washington. Vols. 

 IV.-VI. 1881-84. 8vo. 
- Compendium of the Tenth Census of the United States of 
- America. June 1, 1880. Parts1, 2. 1883. 8vo. | 
W ellington.—Transactions and Proceedings of the New Zealand Institute. 
Vols. XVI.-XVIII. 1884-85. 

Reports of Geological Explorations (New Zealand) during 1881, 
1883, and 1883-84, with Maps and Sections. 8vo.—From the 
New Zealand Institute. 

Colonial Museum and Geological Survey. Catalogues of the New 
Zealand Coleoptera. By Captain Th. Brown. 1886. 8vo. 

Handbook of New Zealand. By James Hector, F.R.S. 1886. — 

Meteorological Report for 1883, including Returns for 1880, 18381, 

| 1882, 1883, and Averages for previous years. 8vo. 
Wisconsin.-—University Observatory. Observations. Vol. III. 1885; 

Vol. IV. 1886. | | | 

Yarkand Mission.—Scientific Results. 1886. 

Yorkshire.—Geological and Polytechnic Society. Vol. IX. Pt. 1. 1885. 

 LZurich.—Vierteljahrsschrift der Naturforschenden Gessellschaft in Ziirich. 
26e-31e Jahrg. 1881-86. 

Annalen der Schweizerischen Meteorologischen Central-Anstalt. 
Jahrg. 1883-85. 4to. 
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IL From AvutTHors. 1884-86. 


Abreu (Eduardo), A Raiva (Canine Rabies). Lisboa, 1886. 8vo. 

Armas (Juan Ignacio de). Les Cranes dits Déformes, mémoire lu 4 la 
Société Anthropologique de la Havane, Havane, 1885. 8vo. 

Ashburner (Charles A.). Brief Description of the Anthracite Coal Fields 

Pennsylvania. Philadelphia, 1884. 8vo. 

Barlow (W). New Theories of Matter and Force. London, 1885. 8vo. 

Begouen (Le Comte). La Vibration Vitale. Tours, 1885. 12mo. 

Bell (Robert), M.D., LL.D., Ottawa. The “ Medicine-Man ;” or, Indian 
and Eskimo Notions of Medicine. Montreal, 1886. 8vo. 

The Forests of Canada. Montreal, 1886. 8vo. 

The Mineral Resources of the Hudson’s Bay Territories. 1886, 8vo. 

Beltrami (Prof. Eugenio). Ricerche sulla Cinematica dei Fluidi. 
Bologna, 1875. | 

Birch (Walter de Gray). Index of the Styles and Titles of Sovereigns of 
England. London, 1879. 8vo. 
: Bowman (F. H.) The Structure of the Wool Fibre in its relation to the 
use of Wool for Technical Purposes. Manchester, 1885. 8vo, 
Bredichin (Th.). Quelques Formules sur la — des — 
Moscou, 1884. 8vo. 

Sur les Tétes des Cométes. Moscou, 1885. 8vo. 

Sur les grandes Cométes de 1886. Moscou, 1886, 8vo. 

Sur les Oscillations des Jets d’Emission dans lesCométes, 1885. 8vo. 

Bryce (George), LI.D. The Mound Builders. Manitoba, 1885. 8vo. 

Cadell (H. M.). The Harz Mountains: their Geological Structure and 
History. Edinburgh, 1844. 8vo. 

The Geology of Sutherland. Edinburgh, 1886. 8vo. 

Carruthers (G. T.), M.A. The Cause of Electricity, with Remarks on 
Chemical Equivalents. Benares, 1886.: 8vo. | 

Chase (Pliny E.), LL.D. Harmonic Motion in Stellar Systems. 1884. 8vo. 

Dallas (James), F.L.S. On the Primary Divisions and Geographical 

: Distribution of Mankind. London, 1886. 8vo. | 

Dana (James D.). Origin of Coral Reefs and Islands. 1885. 8vo. | 

Daniell (Alfred), D.Sc. A Text-Book of the Principles of Physics. 
Second edition. London, 1885. 8vo. | 

Darwin (G. H.). Blank Forms for the Harmonic Analysis of Tidal Ob- — 
servations. Cambridge, 1884. folio. 

Drummond (A, T.). The Distribution of Canadian Forest Trees i in rela- | 
tion to Climate and other Causes. Montreal, 1885. 8vo. 

Felkin (R. W.), M.D., F.R.S.E. Introductory Address to a Course of 
Lectures on Diseases of the Tropics and Climatology. Edin., 1886. 

- Fievez (Ch.), Recherches sur le Spectre du Magnesium en rapport avec 
la Constitution du Soleil. Brux. © 

Gaillard (M. F.. L’Atelier de Silex et de Pierre Polie du Rocher de 
Beg-er-Goalennec en Quiberon. Paris, 1884. 8vo. | 

Gairdner (Professor W. T.). Insanity: Modern Views as to its Nature 
and Treatment. Glasgow, 1885. 8vo. 

Giles (Christopher). Why we do not adopt the French Metrical System 
in place of our Anglo-Saxon Metrology. London, 1886. 8vo, 

Gouden ende silueren Munte van diueersche Coninckrijcken, Hertooch- 
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dommen, Graeffchappen, Heerlycheden, Landen ende Steden, soo 
_oude als nieuwe die noyt in Prenteen zyn T’ Antwerpen, 
1575. 12mo.—From a Lady. 

Graham (Thomas). The Life and Works of Thomas Graham, D.C.L., 
F.R.S., illustrated by 64 unpublished Letters. Prepared by Dr R. 
Angus Smith, F.R.S. Edited by J. J. Coleman, F.I.C. 1884. 8vo. 

Griffiths (Dr A. B.). On the Application of Iron Sulphate in Agricul- — 
ture, and its Value asa Plant Food. London, 1885. 8vo. 

On the Extraction of Uric Acid from the Green Gland of Astacus 

Jluvratihs. London, 1885. 8vo. 

Experiments with Iron Sulphate as a ‘Manure during 1886. 8vo. 

Hauck (Guido). Die Grenzen zwischen Malerei und Plastik und die 
Gesetze des Reliefs. Berlin, 1885. 8vo. 

Hann (Dr J.). Temperatur-Mittel, aus der Periode 1851-1885 fiir die 
Oesterreichischen Alpen und deren Grenzgebilde. 1886. 4to. 

Die Temperaturverhialtnisse der Oesterreichischen Alpenlander. 

Theile I.-III., 1884-85. Wien, 1885. 8vo. 

Bemerkungen zur taglichen Oscillation des Barometers. 1886. 

Hartley (Sir Charles), K.C.M.G., F.R.S.E. Inland Navigations in Europe. 
London, 1885. 8vo. 

Hensel (Julius). Eine neue Theorie der Lebens-Chemie in typischen 

| Figuren veranschaulicht. Christiania, 1885. 8vo. 

_ Hermite (Charles). Sur quelques Applications des Fonctions Hieptiques. 

| Paris, 1885. 4to. 

Remarques arithmetiques sur quelques formules de la Théorie 

des Fonctions Elliptiques. Paris, 1885. 4to. | 

Sur une Application de la Théorie des Fonctions doublement 

Périodiques de second espéce. Paris, 1885. 4to. 

——— Sur les Valeurs asymptotiques de quelques Fonctions numériques. 
Paris, 1885. 4to. 

Higgins (Charles H.), M.D. Who wrote the Plays: ascribed to Shakes- 
peare Liverpool, 1886. 8vo. 

Hildebrandsson (H. Hildebrand) et Brito Capello (J. C.). Rapport au 
Comité Météorologique International, réuni & Copenhague. 1885. 

Hinde (T. Jennings). Description of a new Species of Crinoids with 
Articulating Spines. London, 1885. 8vo. 

Honeyman (Rev. D.), D.C.L. Geology of Cornwallis or’ MacNab’s 
Island, Halifax Harbour. 1885. 4to. 

Jaworski (Dr W.). Ueber Wirkung, thereapeutischen Werth und 
Gebrauch des neuen Karlsbader Quellsalzes nebst dessen Beziehung 
zum Karlsbader Thermalwasser. Wien, 1886. 4to. 

Kdélliker (A.). Das Karyoplasma und die Vererbung: Eine Kritik der 
-Weismann’schen Theorie der Kontinuitat der Jena, 
1883. 

Ueber den Feinern Bau des csihidininines Wiirzburg, 1886. 

Langley (M.). Sur les Spectres Invisibles. Traduit par M. Charles — 

Baye. Paris, 1886. 8vo.—From M. Baye. 

_ Lawrence (Edwin). Progress of a Century. London, 1886. 4to. 

Lawson (George), LL.D. On the Ranunculacee of Canada. 1884. 4to. 
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Leith (John). The Scientific Meaning of the Symbols and Measures of 
the Great Pyramid of Egypt. Auckland, 1885. 8vo. 
Loomis (Elias), LL.D. Contributions to Meteorology. Revised Edition. 
New Haven, Conn., 1885. 4to. | 


New Haven, Conn., 1887. 4to. 

Lotze (Hermann). Microcosmus: An Essay concerning Man and his 
relation to the World. Translated from the German by Elizabeth 
Hamilton and E. C. Constance Jones. 2 vols. Edin. 1885.—From 
Ser Thomas Clark, Bart., Lord Provost, F.R.S.E. 

Macdonald (W. R..). Notes on the Theory of Logarithms. Edin., 1885. 8vo. 

M‘Pherson (Rev. J.G.),F.R.S.E. Strathmore, Past and Present. 1885. 8vo. 

Malm (A. H.). Om Sowerby’s Hval. Stockholm, 1885. 8vo. 

Marchesetti (Dr Carlo). La Necropoli di Vermo presso Picino . nell’ 
Istria. Trieste, 1884. 8vo. 


| : Mayburgh (A. C.), D.Sc. The Student’s Chemistry. Ft. 1. —The Tnor- 


ganic Elements. lLond., 1886. S8vo. 


‘Menikow (M.). Geologische Erforschung des Verbreitungsgebietes der 


Phosphorite an Djniester. 1885. 8vo. 

Miall (Prof. L. C.). Description of the Remains of Megalichthys in the 
Leeds Museum. Leeds, 1885. 8vo. 

‘Monaco (S. A. le: Prince Albert de). Sur le Gulf-Stream. Recherches 
pour établir ses rapports avec la céte de France. Paris, 1886. 8vo. 

Moore (David), M.R.I.A., and More (A. Goodman), Contributions 
towards a Cybele Hibernica. Dublin, 1886. 8vo. 


Morse (Edward §.). Ancient and Modern Methods of Arrow Release. 


Salem, 1885. 8vo.—From Peabody Academy of Science. 
Muir (M. M. Pattison), M.A., F.R.S.E., and Wilson (David) Muir. The 
| Elements of Thermal Chemistry. London, 1885. 8vo.—From the 
Rev. J. Gordon Macpherson, D.Sc., F.R.S.E. 
Pearsall (H. D.). The Principle of the Hydraulic Ram applied t to Large 
Machinery. London, 1886. 8vo. 
Phillips (Charles D. F.), M.D., F.R.S.E. Materia Medica and Thera- 
peutics. London, 1886. Byo. 
Pickering (Edward C.). Observations of Variable Stars in 1884. Cam- 
bridge, U.S., 1885. 8vo. 
A Plan for the Extension of Astronomical Research. Cam- 
bridge, U.S., 1886. 8vo. 
Comparison of Maps of the Ultra-Violet Spectrum. 1886. 8vo. 
| Heights of the White Mountains. 1886. 8vo. 
— An Investigation in Stellar Photography (Harward College 
Observatory). Cambridge, U.S., 1886. 4to. 
Observations of Variable Stare j in 1885. Cambridge, 1886. 8vo. 


Pole (William), F.R.S.E. Further Data on Aerial Navigation. 1885. 8vo, | 


— Quatrefages (A. de). Histoire Générales des Races Humaines: Intro- 

duction 4 ]’Etude des Races Humaines. Paris, 1887. 8vo. 

Préface & POuvrage, “Les Ages Préhistoriques de l’Espagne et 
du Portugal.” 

Queensland : Its Resources and Institutions. Essays. London, 1886. 
8vo.—From the Commissioners un 


Contributions to Meteorology. Chapter IT. Revised Edition. 
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Reusch (Dr Fr. H.). Nature and the Bible: Lectures on the Mosaic 
History of Creation in its relation to Natural Science. Translated 
from the 4th Edition by Kathleen Lyttleton. 2 vols. Edinburgh, © 
1886. 8vo.—From Sir Thomas Clark, Lord Provost, F.R.S.L. | 

Richards (Vincent), F.R.S.C.E. Hydrophobia | and M. Pasteur. 
Calcutta, 1886. 8vo. 


‘Saint-Lager. Recherches historiques sur les mots Plantes Males et 


Plantes Femelles. Paris, 1884. 8vo. 
Sang (Edward), LL.D. A New General Theory of the Teeth of Wheels. 
Edinburgh, 1852. 8vo. 
An Elementary View of the Strains on the Forth Bridge. 
Edinburgh, 1855. 8vo. 


_ Sexton (A. Humboldt), Prof. Chem. Coll. of Sci. wal Arts, Glasgow. » 


Outlines of Quantitative Analysis. London, 1887. 8vo. 


Shelford (W.), M. Inst. C. E., and Shield (A.H.), Asst. M. Inst.C. E. On 


some Points for the Consideration of English Engineers, with refer- 
ence to the Design of Girder Bridges. 7 
Smithies (John Kinnersley). Problems on the Motion of Atoms. Lon- 
don, 1885. 4to. | 
Smellie (Thomas D.) Ocean and Ais Currents. Glasgow, 1885. 8vo. 
Steenstrup (Professor J. Japetus Sm.), Kj Kopen- 
hagen, 1886. 8vo, 
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On the Design and Construction of Harbours : A Treatise on 

Maritime Engineering. Third edition. 1886. 8vo. 
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Traill (George W.). A Monograph of the Algz of the Firth of Forth. 
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Whipple (G. M.), F.R.A.S. Preliminary Inquiry into the Causes of the 
Variations of the Readings of Black-Bulb Thermometers in vacuo. 
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Wright (Thomas), M.D., F.R.SS. L. & E. Monograph of the British 
Fossil Echinodermata from the Cretaceous Formations. Vol. I. 
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Addresses.—Introductory Address by 


the President, 2. 


time Engineering Practice, 80. 
Address by Mr R. T. Omond 
on Two Years’ Residence and Work 
at the Ben Nevis Observatory, 171. 

—— Concluding Address of Session 
1884-85, by Mr David Milne 
Hume, 351. | 

by Mr Alexander Buchan, on 

Ss the. Keith Prize to Mr 

ohn Aitken, 784. 

by Lord Maclaren, on pre- 

senting the Makdougall-Brisbane 

Prize to Edward Sang, LL.D., 784. 

by Professor James Geikie, 

on presenting the Neill Prize to 

Mr B. N. Peach, 784. oe 

—- Review of Session 1885-86, 

by Mr Robert Gray, 975. 

Aitken (Mr John) on a New Form of 
Chromotrope or Chromomictor, 
116, 122. 

on Dew, 446. 

Further Remarks on Dew, 961. 

on Radiation from Snow, 625. 


Algoid Lake-Balls found in South 
Uist, by G. W. W. Barclay, 845. 
Alloys, their Electric Conducting 
Power at their Melting Point, by 
Messrs H. Rainy and R. D. Clark- 

son, 686. | 

Alternants. — On certain Theorems 
mainly connected with Alternants, 
by A. H. Anglin, M.A., 823. 

Aluminium, Peroxide of, 146. i 

Alveolar Form of Cleft Palate and its 
Relations to the Incisor Teeth and 
Intermaxillary Bones, by Professor 
William Turner, 15. 

Amagat’s Manométre 4 Pistons libres, 

by Professor Tait, 947. 

Andrews (Mr Thomas). — Apparent 
Lines of Force on passing a Current 
through Water, 18. | 

The Resistance during Re- 

crystallisation of Fused Salts of the 

Halogens, compared with some 

others and Glass, 275. 

Electro- Chemical Relations 
between Metalsand Fused Salts, 647. 

Anglin (A. H.), M.A., Expressions for 
Areas of Rectilineal Figures, 336. 

on certain Theorems mainly 

connected with Alternants, 823. 


President’s Address on Mari- 


on Thermometer Screens, 632. — 


_Antiquaries, London Society of.— 


Their Memorandum in reference 
to the Preservation of the Court 
Rolls of Manors, 683. 
Areas of Rectilineal Figures, Expres- 
sions for, by A. H.Anglin, M.A., 336. 
Atkinson (Mr G. Armstrong), M.B.— 
The Volumetric Estimation of In- 
organic Nitrites, 642. a 
Atmometer, on an Application of, by 
Professor Tait, 115. | 
Atolls (Coral). —See Coral Atolls. 
Atomic Weights and Densities of the 
Elements, by Professor Crum 
Brown, 530. 
Attraction between two Pieces of 
- Matter at Distances of less than 
Ten Micro-millimetres, by Sir 
William Thomson, 625. | 


Baillie (Lady Mary) of Polkemmet. — 
On a Remarkable Sunrise, 24. 

Balance for the Measurement of Ter- 
restrial Gravity, by Sir William 
Thomson, 683. | 

Barclay (G. W. W.) on some Algoid 
Lake-Ballsfound in South Uist, 845. 

Barlow. (Mr John James) on a New 
Method and Reagent for detecting 
Chlorides, Bromides, and Iodides 
in the presence of each other, and 
of Nitrates and Chlorates, 799. 

Beddard (Frank E.), M.A., F.L.S.— 
Observations on the Structure of 
Lumbricus complanatus, 451. 

—w— on the Reproductive Organs 
in the Genus Eudrilus, 672. 

Ben Nevis.—The Diurnal Variation in 
the Direction of the Summer Winds 
on Ben Nevis, by Mr R. T. Omond, 
839, 

— The Meteorology of Ben Nevis, 
by Alexander Buchan, M.A., 843. 

Ben Nevis Observatory.—Address by 
Mr R. T. Omond on Two Years’ 
Residence and Work at the Ben 
Nevis Observatory, 171. 

Ben Nevis.—Glories, Halos,and Coronz 
seen from Ben Nevis Observatory, 
by Mr R. T. Omond, 500. 

——— Observations on Earth Cur- 
rents in Ben Nevis Observatory 
Cable, by Mr H. N. Dickson, 530. 

Hygrometry of, by Mr H. N. 

Dickson, 950. 

Benzoylecgonin, its Action, by Dr 
Ralph Stockman, 771. Its Action 
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on Frogs, 772. Its Action on the 
Individual System, 774. Its 
Action on Mammalia, 777. 
Berthelot’sExperiment on theTenacity 
of Water, by Mr H. Creelman, 546. 
Biology.—A Synthetic Outline of the 
History of, by Mr P. Geddes, 904. 


Bipartite Functions, by Dr Thomas | 


uir, 114. 
Bisulphide of Carbon Prisms, by Dr 
Daniel Draper, 266. 
Blood.—Duration of the Life of Red 
Blood Corpuscles, by William 
Hunter, MD., 849, 
Blyth (Mr A. Wynter).—The Distri- 
bution and Significance of Micro- 
Organisms in Water, 485. 
Blyth (Professor James).—The Abso- 
lute Determination of the Strength 
of an Electric Current by means of 
the Balance, 650. 
Bowman (F. H.), D.Sc, on some 
Variations in the Structure of Wool 
other allied Fibres, 657. 
Brook (Mr George), F.L.S.—The For- 
mation of Germinal Layers in 
Teleostei, 590. 
Broom (Mr R.) on the Volume of 
Mixed Liquids, 172. a 
Brown (Professor Crum) on _ the 
Hexagonal System in Crystallo- 
graphy, 118. 


Surfaces, 382. 


_ Surface, 513. | | 
on the Relation between the 


Densities and the Atomic Weights 
of the Elements, 530. 


Bromides, Chlorides, and Iodides. See 


Barlow (Mr John James). | 
Buchan (Alexander), M.A. — The 
Meteorology of Ben Nevis, 843. _ 
Statement on presenting the 
Keith Prize to Mr John Aitken, 784. 
—’ Buchanan (Mr J. Y.) on the Dis- 
7 tribution of Temperature in Loch 

Lomond during the Autumn of 
1885, 403. 
on Oceanic Shoals discovered 
in the S.S. Dacia,’”’ in October 
1883, 428. | 
Buist (Dr J. B.)—The Life-History of 
the Micro-Organisms associated 
with Variola and Vaccinia, 603. 
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Cadmium, Peroxide of, 146. 

Caledonia (New), its Cobalt and 
Nickel Ores, by MrJ. B. Readman,65. 

Cephalopod Liver, and its Identity 
as a true Pancreas, by Dr A. B. 
Griffiths, 120. 


on a Case of Interlacing 


on a Model of the Half-Twist | 


| 


Index. 


Chlorides, Bromides, and _ [Iodides. 
See Barlow (Mr John James). 

Chlorophyll from the Deep Sea, by 
Professor W. W. Hartley, 130. 

Chromomictors, by Mr John Aitken, 
122. Red, Green, and Violet will 

roduce White, and all possible 
Yolours, but no combination of 
Colours will produce Red, Green, 
or Violet, 126. 

Chromotrope. See Chromomictor. 

Chrystal (Professor) on the Hessian, 
172. 

Circulants.—-On Detached Theorems 
on Circulants, by Dr Thomas Muir, 
172. 

Clarkson (Mr R. D.), Ellis (Mr R.), 
and Rainy (Mr H.), on the Field 
of a Helmholtz Tangent Galvano- © 
meter, 523. 

Clarkson (R. D.), B.Se., and Rainy 
(Harry), M.A., on Alterations in 
the Electric conducting Power of 
Alloys at their Melting Point, 686. 


Clerk-Maxwell (Professor).—Note on. 


a Theorem of Clerk - Maxwell, by 
Professor Tait, 21. 
Cobalt and Nickel Ores of New 

Caledonia, by Mr J. B. Readman, 65. 


Colliding Spheres, by Professor. Tait, 


527, 537, 621, 655, 857. 
Colours of Thin Plates, by Lord 
Rayleigh, 931. | 
Compressibility of Water.—On an 
Improved Method of Measuring 
Compressibility , by Professor Tait, 4. 


Effect of Temperature on the 


Compressibility of Water, 120. | 
Effect of Pressure on the Tem- 


perature of the Minimum Compres- 
sibility of Water, 155. 
Condensation - Nucleus. — On 


Necessity for a Condensation- 


Nucleus, by Professor Tait, 78. 

Continents, their Drainage Areas, by 
Mr John Murray, 770. | | 

Coral Atolls and Barrier Reefs, 
Theories of their Formation, by 
John Murray, Ph.D., 199. 

Coral Islands, Formation of, by Dr 
H. B. Guppy, 199. | 

Coral Reefs of the Solomon Islands, 
by H. B. Guppy, M.B., 857. 

Coronae and Halos seen from Ben 
‘Nevis Observatory, by Mr Omond, 
500. 

Creelman (Mr H. G.) and Crocket 
(Mr J.)\—Thermal Effects produced 
in Solids and Liquids by sudden 
large Changes of Pressure, 311, 

J.) See Creelman (Mr 
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Creelman (Mr H.)— Repetition of 
Berthelot’s Experiment on the 
Tenacity of Water, and its Adhe- 
sion to Glass, 546. 

Crystallography. — The Hexagonal 
System in Crystullography, by 
Professor Crum Brown, 118. 


Cunningham (Mr J. T.), B.A., on the | 
Nature and Significance of the 


Structure known as_ Kuppfer’s 
Vesicle in Teleostean Embryos, 4. 
on the Relations of the Yolk 
to the Gastrula in Teleostean 
Embryos, 167. 

‘rhe Eggs and Early Stages of 
some Teleosteans, 904. . 

on the Reproductive Elements 
in Myxine glutinosa, 596. 


Decapoda, collected by H.MS. 


‘‘Challenger,” by Mr William E. |. 


Hoyle, 281. 

~ Determinants, Theory of, in the His- 

torical Order of its Development, 
Pt. 1, Determinants in general, 
1693-1800, by Dr Thomas Muir, 
114, 547... | 

Dew, by Mr John Aitken, 446, 961. 

Dickson (Mr H. N.).: Observations on 
Earth-Currents in Ben Nevis Ob- 
servatory Cable, 530. 

on the Hygrometry of Ben 
Nevis and the Scottish Marine 
Station, 957. 

Dodabetta.—On Atmospheric Elec- 


tricity at Dodabetta, by Professor 


Michie Smith, 191. | 

Donations to Library, 979. 

Draper (Dr Daniel) on Bisulphide of 
Carbon Prisms, 266. 

Drummond (Professor Henry) on the 
Termite as the Tropical Analogue 
of the Earthworm, 137. 

Dudgeon (Mr Patrick) on a Remark- 
able Sunrise, 24. 

Duns (Professor), D.D., on Two 
Shrunk Human Heads from South 
America, 621. 

Durham (Mr W.). Chemical Affinity 
and Solution, 596. 

Laws of Solution, 779. 


Earth-Currents in Ben Nevis Observa- 
tory Cable, by Mr H.N. Dickson 530. 
Election of Office-Bearers for Session 
1884-85, 1; for Session 1885-86, 369. 
Electric Current, Strength of, de- 
termined by means of the Balance, 
by Professor James Blyth, 650. 
Electric Conducting Power of Alloys 
at their Melting Point, by Messrs 
H. Rainy and D, R. Clarkson, 686. 


Electric Resistance at High Tempera- 
tures, by Professor C. G. Knott, 56. 

Electricity (Atmospheric), its Origin, 
by Professor Michie Smith, 114. 


at Dodabetta, by Professor 
Michie Smith, 191. 

Filectro-Chemical Relations between 
Metals and Fused Salts, by Mr 
Thomas Andrews, F.C.S., 947. 

Ellis (Mr R.), Clarkson (Mr R. D.), and 
Rainy (Mr H.) onthe Field of a Helm- 
holtz Tangent Galvanometer, 523. 

Energy in Vortex Motion, by Sir 
William Thomson, 114. 

Eudrilus. On the Reproductive 
Organs in the Genus Ludrilus, 672. 


Felkin (Dr Robert W.). Notes on 


the For Tribe of Central Africa, 205. — 


Notes on the Waganda Tribe 

of Central Africa, 699. | 

Ferns from the Carboniferous Forma- 
tion, by Mr Robert Kidston, 783. 


Firth of Forth, the Salinity of the © 


Water in, by Hugh Robert Mill, 

D.Se., 29. 

the Temperature of its Water, 
by Hugh Robert Mill, D.Sc., 157. 

For Tribe of Central Africa, by Robert 
W. Felkin, M.D., 205. | 

Force, Apparent Lines of, on passing 
a Current through Water, by Mr 
Thomas Andrews, 18. | 

Forth (The), Tidal Variation of 
Salinity and Temperature in the 
Estuary of, 790. 


Galois’ Theorem, Note on, by Dr 
Thomas Muir, 114. | 

Galvanometer.—Experiments on th 
Field of a Helmholtz Tangent Gal- 
vanometer, by Messrs R. Ellis, C.E., 
R. D. Clarkson, and H. Rainy, 
M.A., 528. 

Gases, Kinetic Theory of, by Pro- 
fessor Tait, 386. 

Geddes (Mr Patrick) and Mr J. Arthur 
Thomson. History and Theory of 
Spermatogenesis, 803. 

A Synthetic Outline of the 

History of Biology, 904. 

heory of Growth, Reproduc- 
tion, Sex, and Heredity, 911. 

Geikie (Professor James). Statement 
on presenting the Neill Prize to 
B. N. Peach, Esq., 788. 

Germinal Layers in Teleostei. By 
Mr George Brook, F.L.S., 590. 

Gibson (Dr J.) and Dr R. M. Morrison 
on the Peroxides of Zinc, Cadmium, 
Magnesium, and Aluminium, 146. 

on Papers by MM. Haas, 
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Cléve, and Lecogq de Boisbaudran on 
the Production of Peroxides by 
means of the Peroxide of Hydrogen, 
152. 

Gibson (Dr R. J.). Anatomy and 
Physiology of fatellu vulgata, 
Pts. I. and IT., 26, 311. 

Gravity (Terrestrial).—Ona New Form 
of Portable Spring Balance for the 


Measurement of Terrestrial Gravity, | 


_ by Sir William Thomson, 683. 
Gray (Mr Robert). Review of the 
Session (1885-86), 975. 


Griffiths (Dr A. B.) on the Cephalo- 


pod Liver, and its identity as a 
true Pancreas, 120. | 


Acid on Ferments, 527. - 
on the Vitality of the Spores 


of Parasitic Fungi, and the Anti-— 


septic Properties of Ferrous Sul- 
phate, 771. 

Growth, Reproduction, Sex, and Here- 
dity, by Mr Patrick Geddes, 911. 


Guppy (Dr H.B.) on Recent Calcareous 


ormations of the Solomon Group, 
199. 
Notes on the Characters and 
Modes of Formation of the Coral 
Reefs of the Solomon Islands, 857. 


Halos and Corone seen fromBen Nevis 
Observatory, by MrR.T. Omond,500. 

Half-Twist Surface, by Professor 
Crum Brown, 513. | 

Halogen, Fused Salts of. See Salts. 


head (DrG. Sims,. Vital Relations 
of Micro-Organisms to Tissue Ele- 
ments, 269. 

Hartley (Professor W. W.) on Chloro- 
phyll from the Deep Sea, 139. 

Haycraft (Professor J. B.). The 
Nature and Objective Cause of 
Sensation, Part IT., 961. 

Heads. —Two Shrunk Human Heads 
from South America, by Professor 
Duns, D.D., 621. 

Hectocodylus in Rossia, by W. E. 
Hoyle, M.A., 687. | 

Helmholtz Galvanometer. See Gal- 
vanometer. 

Herdman (Professor W. A.) on the 
Physiology of Tunicata, 444. 

Heredity, Theory of, by Mr Patrick 
Geddes, 911. 

Howien (The), by Professor Chrystal, 

Home (Mr David Milne), V.-P., Con- 
a Address of Session 1884-85, 


—— Chemical and Microscopical 
‘Studies on the Action of Salicylic 


Hooke’s Anticipation of the Kinetic 
Theory of Gases and of Synchronism, 
118. 

Hoyle (William E.), M.A., Prelimin 
ary Report on the Octopoda col- 
lected during the Cruise of the 
**Challenger,” 94. | 

Hoyle, on the Cephalopoda collected 
by H.M.S. ‘‘Challenger.” Part IT. 
The Decapoda, 281. 

——-— Formation of Hectocotylus in 
Rossia, 686. 

Hunter (Dr William). The Duration 
of the Life of Red Blood Corpuscles 
as ascertainable by Transfusion, 849. 

Hygrometry of Ben Nevis, by Mr H. 
N. Dickson, 950. 


Ice, its Thermal Conductivity, by 
_ Mr A. Crichton Mitchell, 592. 
Interlacing Surfaces, by Professor 
Crum Brown, 382. . 
Iodides, Bromides, and Chlorides. 
See Barlow (Mr John James). 
Iodine and Zinc, their Heats of Com- 
bination, by Mr A. P. Laurie, 328. 


J Lacquer, Chemistry of, by 


ikorokuro Yosheda, 175. 


| Keith Prize. See Prizes. 


Kidston (Mr R.) on the Fructification 
of some Ferns from the Carbonifer- 
ous Formation, 783. 


Kinetic Theory of Gases, Hooke’s 


Anticipation of, 118, 386. 


Kirkman (Rev. T. P.). Demonstra- 
Hare (Arthur W.), M.B., and Wood- | 


tions of Theorems A, B, C, &c., on 
page 484, vol. xxxii., of Transactions 
of the Royal Society of Edinburgh, 
359. 


on the Twists of Listing and 
Tait, 363. 
on the Linear Section of a 
Knot M, which cuts away a 
(3+7)-gonal Mesh of Mn, 514. 
Examples upon the Reading of 
the Cirele or Circles of a Knot, 693. 
Knots (Amphicheirals), by Professor 
Tait, 175. : 
Census of Ten-fold Knottiness, 
by Professor Tait, 311. | 
Demonstrations ‘of Theorems 
. A, B, C, &c., on page 484 of 
Transactions of the Royal Society of 
Edinburgh, vol. xxxii., by Rev. 
T. P. Kirkman, F.R.S., 359. 
On the Twists of Listing and 
Tait, by Rev. T. P. Kirkman, F.R.S., 
363. 


On the Linear Section of a 
Knot Mn which cuts away a 
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Knott (Professor C. G.). 


Index, 


(3+7)-gonal Mesh, Mn, by Rev. T. 
Kirkman, 614. 

Knots. Examples upon the Reading 
of the Circle or Circles of a Knot, 
by the Rev. Thomas P. Kirkman, 
F.R.S., 693. 

Ueber Algebraische Knoten, 931. 

Electric 

Resistance of Nickel at High Tem- 

peratures, 856. 

on the Electrical Properties of 
Hydrogenised Palladium, 947. | 

Kuppfer’s Vesicle, its Nature and 
Significance in Teleostean Embryos, 
by Mr J. T. Cunningham, 4. 


Lacquer (Japanese). See Japanese. 

Lake-Balls (Algoid) found in South 
Uist, by Mr,G. W. W. Barclay, 845. 

Laurie (Mr A. P.), BSe, on the 


Heats of Combination of Zinc and 


Iodine, 328. 

on the Probable Heats of For- 

mation of Zinc-Copper Alloys, 621. 

Measurements of the Electro- 
motive Force of a Constant Voltaic 
Cell with Moving Plates, 686. 

Lighthouse Illuminants, by Mr 
Thomas Stevenson, P.R.S.E., 491. 

Liquid, Motion of, within an Ellip- 
soidal Hollow, by Sir William 
Thomson, 370. 


Liquids.—On the Volume of Mixed | 


iquids, by Mr R. Broom, 172. 
Liver.—On the Cephalopod Liver, and 
its identity as a true Pancreas, by 
Dr A. B. Griffiths, 120. 
Loch Katrine, its Temperaturs, 961. 
Loch Lomond, Distribution of Tem- 
perature in, by Mr J. Y. Buchanan, 
408, 


Its Temperature, by Mr J. T. 

Morrison, 961. 

LIumbricus complanatus, the Structure 
of, by Frank E. Beddard, M.A., 451. 


Macfadyean (J.), . M.R.C.V.S., and 
Woodhead (Dr G. Sims) on the 
Contraction of the Auricles of th 
Pig’s Heart, 323. 

Macfarlane (Dr J. M.) on Pitchered 
Insectivorous Plants, Pts. I. and IT., 
199, 347. 3 

M‘Intosh (Mr W. E.) on a Remark- 
able Sunrise, 24. 

Maclaren (The Hon. Lord), Statement 


on presenting the Makdougall- | 


Brisbane Prize to Edward Sang, 
LL.D., 784. | 
Magnesium, Peroxide of, 140. 
Macdougall- Brisbane Prize, 
Prizes, 


See 


Meyer (Professor Fr.). 
_ braische Knoten, 931. 
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Mechanisms. —Kinematics of Rigid 
Bar Mechanisms, by Professor R. 


Smith, 78. | 
Mesoplodon bidens. See Sowersby’s 


hale. 
Ueber Alge- 


Micro-Organisms.—Vital Relations of 
Micro-Organisms to Tissue Ele 
ments, by Dr G. Sims Woodhead 
and Arthur W. Hare, M.B., 269. © 

Micro-Organisms, Distribution of, 
Micro-Organisms in Water, by Mr | 
A. Wynter Blyth, 485. 

Micro-Organisms associated with 
Variola and Vaccinia, 603. 

Mill (Dr Hugh Robert) on the Salinity 

of the Water in the Firth of Forth, 

29. 


— on the Temperature of the 
Water in the Firth of Forth, 157. 
on the Salinity of the Tay 
Estuary and of St Andrew’s Bay, 347. 
and T. Merton Ritchie, B.Sc., 
on the Physical Conditions of 
Rivers entering a Tidal Sea, from 
Observations on the Spey, 460. 
—— on Water-Bottles, with a 
Description of a New Form of Slip 
Water-Bottle, 539. 
Mill (Dr Hugh Robert) and Morrison 
(Mr J. T.) on the Tidal Variation 
_ of Salinity and Temperature in the 
Estuary of the Forth, 790. 


-Milne-Edwards (Alphonse) Elected a 


Foreign Honorary Fellow of the 
Society, 783. | 
Mitchell (Mr A. Crichton).—Pre- 
liminary Experiment on the Thermal 
Conductivity of Ice, 592. . 

Morrison (Dr R. M.) and Dr J. 
Gibson on the Peroxides of Zinc, 
Cadmium, Magnesium, and Alum- 
inium, 146. 

——— on Papers by MM. Haas, 
Cléve, and Lecog de Boisbaudran, 
on the Production of Peroxides by 
means of the Peroxide of Hydrogen, 
152. 

Morrison (Mr J. T.) and Dr Hugh 
Robert Mill on the Tidal Variation 
of Salinity and Temperature in the 
Estuary of the Forth, 790. 

on the Temperature of Loch 

Lomond and Loch Katrine, 961. 

Note on the Surface Tempera- 

ture of a Tidal Race, 961. 


Muir (Dr Thomas).—The Theory of 


Determinants in the Historical 
Order of its Development. Prt. L., 
114, 547. 

on Bipartite Functions, 114. 
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Muir (Dr Thomas).—Note on Galois’ 
Theorem, 114. 

——— on Detached Theorems on 
Circulants, 172. | 

Murray (John), Ph.D., on Theories 
of the Formation of Coral Atolls 
and Barrier Reefs, 199. 

— on the Drainage Areas of 
Continents, and their Relations to 
Oceanic Deposits, 770. 


Myzxine glutinosa, Reproductive Ele- 


ments in, by Mr J. T. Cunning- 
ham, B.A., 596. 

Neill Prize. See Prizes.. 

Newton (Professor H. A.) Elected a 


Foreign Honorary Fellow of the | 


Society, 783. 
Nicol (W. W. J.), M.A.—A Theory 
of Solution, 27. 
on Supersaturation, 154. 
Nitrates.—The Volumetric Estima- 
tion of Inorganic Nitrates, by Mr 
G. Armstrong Atkinson, 642. 


Oceanic Shoals discovered in October 
1883, by Mr J. Y. Buchanan, 482. 
Octopoda collected during Cruise of 

the ‘‘ Challenger,” by William E. 
~ Hoyle, M.A., 94. Synopsis of the 
Collection, 95. 
Omond (Mr R. -T.), Address by, on 
Two Years’ Residence and Work at 
the Ben Nevis Observatory, 171. 


seen from Ben Nevis Observatory, 
500. 


Direction of the Summer Winds on 
‘Ben Nevis, 839. 


Palate. — Alveolar Form of Cleft 
Palate and its Relations, by Sir 
William Turner, 15. 

Paraffin.—Variation by Pressure of 
the Melting Point of Paraffin, by 
Mr W. Peddie, 155. | 

Patella vulgata, its Anatomy and 
Physiology, by Mr R. J. Harvey 
Gibson. Pts. I. and II., 26, 311. 


Paton (D. Noél), M.B. Relationship | 


between Urea Formation and Bile 
Secretion, 655. 

Peddie (Mr W.) on the Variation by 

_ Pressure of the Melting Point of 
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The Theory of Determinants in the Historical Order of its Development. By 

THomas Murr, M.A., LL.D., . 
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the Theory of the Tides. PartI. By LL.D., 
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Incisor Teeth and the Intermaxillary Bones. 7 Prof. 
Turner, M.B., F.R.S., 
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municated by Professor HerpMan, D.Sc., 
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On the Physical Conditions of Rivers entering a Tidal Sea ; ; from Observations 


on the Spey. By Hucu Rosert MILL, "B.Se. . und T, Morton Ritcuig, 
B.Sc. (Plates Xilt, ALV., XV.),: 


The Distribution and Significance of Micro- Orsanisms j in Water. By Mr A. 


WynTER 


Monday, 4th January 1886. 


Notes on Experiments for the Board of Trade, made at the South Foreland 


Lighthouse by the Trinity House of London, on Lichthouse ee 
&e. By THOMAS STEVENSON, Pres, R.S.E., M. Inst. C. E., 


Glories, Halos, and Coron seen from Ben Nevis Observatory. Extracts from 


Log Book. By Mr R. T. OmMonp.’ Communicated by Professor Tart. 
(Plate 


On a Model of the “Half-Twist Surface.” 


| By Professor Crum Brown. 
(Plate XVIL.), 


On the Linear Section PR of a Knot M ny which passes through two Cr rossings P 


and R, which meets no Edge, and which cuts away a (34+7)- conal Mesh of 
By Rev. THomas P. Kirxmavy, M.A., F.R.S., 


a aie on the Field of a Helmholtz Tangent Galvanometer. By Messrs 
R. Exuis, C.E.; R. D.Criarkson ; and H. Raryy, M.A. (Plate XVIIL.), 
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Systems of Colliding Spheres. By Py ofesssr Tart, 
On the Effect of Pressure on the Maximum Density Point of Water. py. 
Professor Tatt, 527 
Chemical and Microscopical Studies on the Action of Saliey lic Acid on Fer- 
ments. By Dr A. B. Grirrirs, F.R.S.E., F.C.S. (Lond. and Fare 
Lecturer on Chemistry, Technical College, Manchester, Ke., ron 527 
Monduy, 18th January 1886. 
On the Relation between the Densities and the Atomic Weights of the Wininienat 
By Professor CruM Brown, . 530 
Observations on Earth-Currents in Ben Nevis Observator y Telegraph Cable. By 
Mr H.N. Dickson. (Plate XIX.), 
On the Partition of Energy among Groups of Colliding Spheres. “By Prof. Tarr, 537 
On Water-Bottles, with the description of a new form ‘of Slip Water-Bottle. By 
Hue Rosert Mint, B.Sc., Scottish Marine Station. . (Plate XX.), 539 
On a Repetition of Berthelot’s Experiment on the Tenacity of Water and its . 
aceoaren to Glass. By H. CREELMAN. Communicated by Prof. Tart, 546 
Monday, 1st February 1886. 
The Theory of Determinants in the Historical Order of its Development. By | 
Tuomas Murr, M.A., LL.D., 547 
The Formation of the Germinal Layers in Teleostei. By Mr Grorce Brook, : 
| F.L.S., Lecturer on Comparative Embryology in the University of Edin- 
burgh, 590 
Account of a Preliminary Experiment on.the Thermal Conductivity of Ice. By 
Mr A. CricHton MITcHELL. (Plate XXI.), 592 
Monday, 15th February 1886. 
Chemical Affinity and Solution. By Mr W. Duruay, . 596 
On the Reproductive Elements in Myxine glutinosa, L. By J. T. CUNNINGHAM, 
596 
The Life-History of the Micro-Organisms associated with Variola and Vaccinia : | 
An Abstract of Results obtained from a Study of Small-Pox and Vaccination 
in the Surgical Laboratory of the University of Edinburgh. By J. B. 
D, F.R.C.P., Edinburgh, 603 
On the probable Heats of Formation of Zinc-Copper. ‘Alloys. By Mr A. P. 
LAURIE, 
On the Mean Free Paths in a mixture of Two Systems of Spheres. By Pro- 
fessor TAIT, . 621 
On Two Shrunk Human Heads from South America. By Prof, Duys. DD, .«.- Oi 
Monday, 1st March 1886. 
On the Magnitude of the Mutual Attraction between Two Pieces of Matter at. 
Distances of less than Ten Micromillimetres. By Sir — THOMSON, 
Hon. V.P., . 625 
On a Theorem j in the Science of Situation. By Professor Tarr, : 625 
On Radiation from Snow. By Mr Joun AITKEN, © 625 
Comparison of the Volumes of Saline Solutions with the Sums of the Volumes 3 
of the Constituents. By J. Houmes Pottok, Chemical Laboratory, Glas- 
gow University. Communicated by Sir THomson. 
XXII.), 626 
On the Increase of Electrolytic Polarisation with Time. By Mr W. PEDDIE, . 628 
On Thermometer Screens. By Mr J. AITKEN. = XXITT.), . 632 
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Monday, 15th March 1886. | 


The Volumetric Estimation of Inorganic Nitrite. By G. ATKIN- 


son, M.B., C.M., Assistant to the Professor of Materia Medica in the Uni- 
i versity of Edinburgh, 
he 


Absolute Determination of the Strength of an Electric Current by Means 
of the Balance. By Professor JaMEs M.A,, 


On the Nature of the Relationship between Urea-Formation and Bile Secretion. 
By D. Nort Paton, M.B., C.ML, 


Note on the Collisions of Elastic Spheres. By Professor ‘Tarr, 


Monday, 5th April 1886. 


| On some Variations in the Structure of Wool and other Allied Fibres. By F. 
H. Bowman, D.Sc., F.R.S.E., F.L.S., F.C.S., &. (Plate XXIV.), . 

On the Comparison of the oe of Gravity at different Stations. By Pro- 
fessor TAIT, ; 
On the Reproductive Organs in the Genus Eudrilus, nF. ‘By FRANK E. 


BEDDARD, M.A., F. S.; Prosector to the Geological of London. 
(Plate XXV. 


Monday, 19th April 1886. 


On a new form of Portable Spring Balance for the Sensuresnauit of Terrestrial 
Gravity. By Sir W. THomsoy, 


Measurements of the Electro-Motive Force of a Constant Voltaic Cell with 
‘Moving Plates. By A. P. Lauriz, BSc, BA, . 

Note on the Formation of the Hectocotylus i in Rossia. By W.E. Hoye, M. A,, 

On some Definite Integrals. By Professor Tarr, 

On Alterations in the Electric Conducting Power of Alloys at their Melting 
Point. By Harry Rarny, M.A., and R. D. Ch ARKSON, B.Sc. (Plate XX VI. 


Examples upon the Reading ‘of the Circle or Circles of a Knot, sales the Rev. 
THomAS P. KIRKMAN, M. 


Monday, 3rd Ma y 1886. 


Notes on the Waganda Tribe of Central Africa. By Robert W. Feukry, M.D., 


F.R.GS., Fellow of the Anthropological Societies of London and Berlin, 
&e. (Plate XXVII.), 


On the Drainage Areas of Continents, and their Relation to Oceanic Deposits. 
By JouHn Murray, Esq., 


Monday, 17th May 1886. 


On the Vitality of the Spores of Parasitic Fungi, and the Antiseptic Sicaniies 
of Ferrous Sulphate. By Dr A. P. GRIFFITHS, 


The Action of Benzoylecgonin. By RaLpu STOCKMAN, M. D., Assistant to the. 


Professor of Materia Medica, University of Edinburgh, 
Laws of Solution. By Duruay, Esq., 
On the Fructification of some Ferns from the Carboniferous Formation. By 
R. Krpston, F.G.S. Communicated by Dr TRAQUAIR, 


Monday, 7th June 1886. 


On the Tidal Variation’ of Salinity and Temperature in the Estuary of the Forth. 
By Hua Rovert Mitt, D.Sc., and J. T. MorRIson, Ls A., of the Scottish 
Marine Station. (Plate XXVIIL 
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On a New Method and Renaat for detecting Chlorides, Bromides, and Iodides, 
in the presence of each. other, and also i in presence of Nitrates and Chlorates. 

By Joun Jas. Bartow, Esq., Manchester Technical School, 

On the Anatomy of Suberites domuncula. By J. ARTHUR THOMSON, M. A. 
Communicated by Patrick GrppEs, 

History and Theory of Spermatogenesis. By Parrick Grppes and J. ARTHUR 
THomson; M.A. (Plate XXIX.), 

On Tungsten. By JoHN WADDELL, D.Sc. Communicated by Dr Crum Brown, 


On Certain Theorems mainly connected with Alternants. By A. H. ANGLIN, 
M, A., LU..B., F.R.S. (Edin.), &e., | 


Monday, 21st June 1886. 


The Diurnal Variation in the Direction of the Summer Winds on Ben Nevis. 


By R. T. OmonD, Esq., Superintendent, Ben Nevis Observator y; 
The Meteorology of Ben Nevis. By ALEex. BucHay, M.A., 


On some Aleoid Lake-Balls found in South Uist. By G. W. W. BARCLAY, 
Esq., F. R.S.E. (Plate XXX.), 


The Duration of the Life of Red Blood Corpuseles, as ascertainable by Trans- 
fusion. By Hunter, M.D. late of the ral 


Medical Society, Edinburgh, 
Monday, 5th July 1886. 


The Electric Resistance of Nickel at High Temperatures, By Professor C. G. 
KNOTT, 


Effect of External Forces on a System of Colliding Spheres. By Professor Tarr, | 


Notes on the Characters and Mode of Formation of the Coral Reefs of tn 
Solomon Islands, being the Results of Observations made in 1882-84, by 


H. B. Guppy, M.B., F. G. S., during the Surveying Cruise of H.M.S. “ Lark, ei 


The Eggs and Early Stages of some Teleosteans. By J. T. CUNNINGHAM, Esq., 

The Reproductive ‘Organs of Ldellostoma, and a Teleostean Egs from the West 
Coast of Africa. “By the Same, ; 

A Synthetic Outline of the History of Biology. By fiseice GEDDES, 

Theory of Growth, Reproduction, Sex, and Heredity, - By Patrick GEDDES, 


Monday, 19th July 1886. 


On the Sia of Thin Plates. By the Right Hon. Lord Rayneteu, . 
Ueber algebraische Knoten. By Professor Dr Fr. MEYER of Tiibingen. 
municated by Professor Tarr. (Plates XXXI., XXXIL), 
On Amagat’s Manonittre & Pistons libres. By 
On the Electrical Properties of Hydrogenised Palladium. By Professor Korn, 
Electro-Chemical Reactions between Metals and Fused Salts. By Tuomas 
ANDREWS, F.R.S.E., F.C.S., 
On the Hygrometry of "Ben Nevis and of the Scottish Marine Station. By 
H. N. Dickson, Esq. Communicated by Professor Tart, 
The Temperature of Loch Lomond and Loch Katrine during Winter and Spring. 
By J. T. Morrison, B,Se. Communicated by Dr J. Murray, 
Note on the Surface Temperature near a Tidal Race. By the Same, 
Further Remarks on Dew. By Jonn AITKEN, Esq., . 
On the Objective Cause of Sensation. Part Il., Taste. By Professor J. B. 
HAYCRAFT, 
Concluding Address. By Robert Ex Vice- President, 
Donations to the Library, 
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